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PERSPECTIVES ON 
IOWA COAL 
INTRODUCTION 
The global and national energy situation has been under stress during the past few 
years due to crude oil and natural gas shortages. The problems of short supply and 
high prices probably will not be alleviated in the near future. Nations, including the 
United States, are finding it necessary to turn to new sources of power. Many of these 
sources, such as nuclear power and solar energy, cannot meet increased demand 
within the next ten years. Coal , however, once supplied a major portion of man's 
energy needs, and may now help to ease the energy situation. 
Fifty years ago coal mining in Iowa flourished, but today only a few mines remain 
as a token of former days. Interest in coal, and energy production in general, is spark-
ing new interest and research in Iowa's energy reserves-Iowa's coal. During 1974 the 
Iowa Legislature funded an Iowa Coal Research Project under the Energy and Mineral 
Resources Research Institute (EMRRI) at Iowa State University. This project has two 
primary goals: 1) to establish strip mining methods that allow the land to be returned 
to productive use at an economical cost, and 2) to establish economical methods of 
cleaning and burning Iowa coal in conformance with environmental standards. 
The Iowa Coal Research Project is calling on the expertise of many professional 
people including environmentalists, engineers, scientists, economists and industrial 
specialists to achieve its goals. This manual summarizes some of the research that is 
being conducted during this three year project. A capsule view of the types of re-
search being done can be obtained by examining the titles of currently funded pro-
jects listed in Appendix B. 
It should be noted that estimates for total reserves of oil, natural gas, and coal are 
constantly being revised . Estimates differ according to the sources, and usually vary 
from year to year. Estimates within this publication are an attempt to approximate 
middle of the road figures, and will not meet with approval from all quarters. Although 
many of the topics associated with energy are quite controversial, no attempt has 
been made to provide a comprehensive account of all the positive and negative views 
of each issue. A more general approach has been used with the idea to inform rather 
than state so-called "right" or "wrong" answers. 
The purpose of this manual is to help acquaint the public with Iowa's coal produc-
tion prospects. A list of anticipated questions with page references to answers is in-
cluded at the end of this introduction to provide a quick reference of answers toques-
tions dealing with energy and Iowa coal issues. In many cases the answers to the 
questions will be sufficient for some people, but greater clarity may be obtained by re-
ading the related material in this manual. Scientific terms have been kept to a 
minimum to enhance readability. Information of a more detailed nature can be ob-
tained by reading cited references or other publications listed in the bibliography. 
This publication is intended to provide information for the interested citizenry of 
lqwa. It is anticipated that concerned individuals, civic groups, and members at all 
levels of local and state governments wili find this publication a helpful reference for 
answering individual questions, and providing a base for seminars and group dis-
cussions. This publication can also serve as a valuable resource for science and social 
studies teachers in Iowa's secondary schools. Instructors and students in higher 
education may also find its contents useful as an example of an interdisciplinary pro-
ject that threads through science, technology and society. 
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CHAPTER I 
GLOBAL, NATIONAL, AND 
STATE ENERGY RESOURCES 
Global Energy An abundance of energy, derived to a large ex-
tent from fossil fuels, is fundamental to world-wide 
economic well-being. Industrial growth has 
brought into existence a society which consumes 
energy at an astounding rate. Nature has stored 
the sun's energy over millions of years in the form 
of coal, oil and natural gas. This storage goes on to-
day as it has in the past- slowly! What took one 
million years to create, man consumes in but one 
year (1). Once used, these fossil fuels are not 
replaceable, so it is imperative that study and 
plans for wise use of these resources move forward 
rapidly. 
This chapter provides an overview of global, na-
tional and state energy resources. 
Oil, the world's principal source of energy, is 
not evenly distributed over the earth. The follow-
ing diagram (Figure 1-1) shows total initial oil re-
serves as: oil already produced, proven reserves, 
and probable reserves for the world. Proven re-
serves are those resources already known to exist, 
and probable reserves are resources projected to be 
found in the future (2). Known or proven world oil 
reserves are shown diagramatically in Figure 1-2. 
The countries are shown with their size in propor-
tion to the amount of oil within their borders; 
about half of the world's proven oil reserves reside 
in the Middle East (3). 
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Figure 1-1. Petroleum resources of the world. This figure represents ultimate crude oil produc-
tion including o il from offshore. oil already produced, proven and probably reserves. and future 
discoveries. Estimates as low as 1,350 billion barrels have also been made. Horizontal scale gives 
total supply, vertical denotes apportionment of supply in a continent. For example: Latin 
America has about 43% of the Western Hemisphere's oil. (Source: The data for this diagram were 
derived from the estimates made in 1967 by the Standard Oil Company of New Jersey as found in 
M. King Hubbert. 1971 . Energy Resources of the Earth. Sci. Am. 225 (3): 65.) 
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HOW LONG WILL WORLD OIL 
SUPPLIES LAST? 
Proven world oil reserves, excluding communist 
countries amount to approximately 550 billion bar-
rels (1 barrel = 42 gallons), with an estimated life 
span of only about 35 years (4). Naturally future 
discoveries- probable reserves-will extend this 
lifespan. 
Canada 
United States & Alaska 
Venezuela 
Mexico, Caribbean 
& other South 
American Countries 
2% 
5% 
2% 
3% 
2 
Estimates vary widely, with some sources pre-
dicting up to twenty times more than the amount 
we now know about (1,5); a realistic projection is 
that 60% of our world heritage of oil is yet to be 
found (6). The accelerating rate of world oil con-
sumption will shorten, however, any estimation of 
how long these new discoveries will last. 
Europe 
Africa 
Russia & other 
Communist Countries 
Middle East 
Indonesia 
2% 
16% 
15% 
53% 
2% 
Figure 1-2. Known world oil reserves. (Source: after Frank J. Gardner, 1972. 1972: The Year of the 
Arab. Oil and Gas Journal, 70 (52): 82-84). 
Coal, the venerable giant of the world's fossil 
fuels, composes 88.8% of the energy available from 
fossil fuels (7). Unlike oil and natural gas, coal 
must be mined, using either underground or sur-
face mining methods. Coal has gradually been 
pushed to a minor position for energy use, with pro-
duction remaining constant while oil use 
skyrocketed. With decreasing crude oil availability, 
however, coal may again rise to a position of pro-
minence as an energy source. 
The distribution of world coal reserves is shown 
in Figure 1-3. Figure 1-3 represents total initial re-
sources of minable coal, which is defined as 50% of 
the coal actually present. The 50% figure for re-
covery is used because much of the coal must be 
left underground in the form of pillars for roof sup-
ports; coal is also lost in processing or separating it 
from unwanted materials. Strip mining shows a 
higher recovery rate- up to 90%- but most coal 
cannot be mined in this manner because it is 
located too far below the earth's surface. So, even 
though coal is more difficult to extract from the 
earth than oil and natural gas, coal reserves will 
last for centuries, possibly even thousands of years 
(5). 
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An idea of total world fossil fuel energy is de-
picted in Figure 1-4. Natural gas reserves are pro-
jected from the amount associated with crude oil 
found in the United States; the amounts of oil shale 
and tar sands are also estimates. 
Nuclear power, seen during the 1940's as a 
great potential power supply, has not taken this 
position. Even in the United States only about 4% 
of energy consumption ( 1972) is derived from 
nuclear sources. Technological difficulties make 
nuclear power a gift in disguise. Construction of a 
light water reactor, the simplest type, takes ten 
years before electricity is actually generated (8). 
This lag is due to the time involved in finding a 
proper site for the reactor, site preparation and 
construction of the actual plant. 
Breeder reactors operate at a higher efficiency 
than light water reactors, plus a new fuel is made 
-plutonium. Plutonium works as well as uranium 
in a reactor and for each three pounds of uranium 
initially used four pounds of plutonium are pro-
duced; so, once the reaction is started, fuel supply is 
never a problem. Many technological problems, 
however, must be solved before the United States' 
demonstration breeder reactor, now under con-
WESTERN 
EUROPE 
SOUTH AND 
CENTRAL AMERICA 
14 BILLION 
OCEANIA 
INCLUDING 
AUSTRALIA 
59 BILLION 
AFRICA 
109 BILLION 
1 2 3 4 5 6 7 7.64 
QUANTITY IN TRILLIONS OF METRIC TONS 
Figure 1-3. Total initial cost reserves of the world. (Source: compiled by Paul Averitt as found in 
M. King Hubbert. 1971. Energy Resources of the Earth. Sci. Am. 225 (3): 64.) 
struction on the Clinch River in Tennessee, can be 
completed. It is expected to be operational in the 
early 1980's. Even if all goes well, it will take at 
least another ten years before large commercial 
breeder reactors are in service. Despite the un-
solved problems, the breeder reactor holds high 
potential for becoming an important source of 
energy in the next 10 to 20 years. 
4 
high, and environmental hazards are minimal; 
however, a major concern is possible thermal pollu-
tion. 
WHAT IS THE FUTURE OF 
NUCLEAR POWER? 
On a world basis, because of unsolved problems, 
4.7% 0.8% 
5.2% 0.5% 
Figure 1-4. Total world fossil fuel energy. 88.8% of recoverable energy on earth is contained in 
coal and lignite. 
Coal and lignite 88.8% 
Natural Gas 4.7% 
Petroleum liquids 5.2% 
Tar, sand oil 0.8% 
Oil shale 0.5% 
(Source: after M. King Hubbert 1971. Energy Resources of the Earth. Sci. Am. 225 (3): 66.) 
Another nuclear process- fusion-also shows 
promise for future world energy needs. Fusion uses 
the same method as the sun to generate heat. Two 
simple atomic nuclei (hydrogen) are combined to 
form a nucleus of higher atomic weight and 
number. During the process part of the mass of the 
nucleus is released as energy. The fuel for such 
fusion reactions would probably be deuterium, a 
hydrogen isotope found naturally in ocean water. 
There is enough deuterium in the earth's oceans to 
provide about 50 million times the energy present 
in all the world's fossil fuels (9). The future of the 
fusion process is uncertain, because it is extremely 
difficult to initiate and maintain. If developed, it 
may end man's search for an ideal energy source: 
the fuel for the fusion process is cheap, efficiency is 
it is doubtful whether nuclear power will greatly 
benefit developing countries in the near future, and 
will probably be of only marginal benefit to those 
already industrialized. The technology needed for a 
successful nuclear program of electrical generation 
seems to, at times, elude even the most advanced 
nations. The problems associated with nuclear 
energy, while not insurmountable, are at least dif-
ficult. The 1990's appear to be the earliest that 
nuclear power can produce a significant impact on 
global energy needs. 
Are Other Energy Sources Such as 
Solar, Wind and Tidal, Important 
on a Global Scale? 
Other energy sources that depend directly on 
the sun do not appear to be viable sources of power 
on a global scalP as yet. Solar energy cells which 
conv~rt sunlight to electricity are relatively ex-
pensive now (10). Methods of using solar energy 
vary widely m type and design, and are limited in 
use at present. No national or world-wide use is 
foreseen in the next ten years. 
Wind energy has been used for centuries. Small 
scale local application seems feasible but world-
wide application does not, as many re~ions do not 
po~s~ss the fairly strong, reliable winds required. 
Utihzatwn of solar and wind combinations for elec-
tric~\ genera~ion may be of value to the single 
fa~.Iiy .dwe\lmg or other small buildings. Such 
utJhzatwn at present, on a commercial scale, aug-
ments more traditional forms of electricity or heat 
generation. One of the main problems associated 
wit~ win.d and solar energy is the storage of energy 
dunng times when the wind does not blow or the 
sun does not shine. 
Hydroelectricity, the power generated by run-
ning water, has potential as an energy source. Un-
til 1965 only 59C of the world's possible power from 
this source had been tapped (6). For full potential 
to be realized all major rivers of the world would 
have to be dammed. Damming a river is expensive 
and may produce detrimental effects, such as loss 
of tree cover, wildlife, and agricultural land. 
Moreover, the rapid rates of sedimentation behind 
dams in some regions reduce the capacity of the 
reservoirs, and the cost of removing the ac-
cumulated sediment makes this alternative less at-
tractive in the long run. 
Tidal energy, another form of power from 
water, uses tidal water in the same way that elec-
tricty is generated from river water. The power is 
generated as sea water flows through a narrow 
shoreline constriction in response to the gravita-
tional forces of the sun and moon. At this narrow 
constriction or strait, turbine-driven electric 
generators can be installed. Energy from this 
source is not expected to gain prominence, but may 
have local impact if the correct conditions exist. 
Geoth ermal, the same energy that causes 
geysers to erupt, like Old Faithful in Yellowstone 
National Park, is highly localized and it is now 
thought that global impact as an energy source 
5 
will be small. Some countries, however, such as 
Iceland and Italy have used this form of energy for 
many years. 
Global energy problems will continue to occur 
for many years. Petroleum products will become in-
creasingly expensive, especially as these resources 
become less available. In the short term, oil and 
natural gas will continue to be used, but higher 
p~ices will make other alternatives such as making 
ml and gas from coal or oil shale, more economical. 
Nuclear energy will also undoubtedly play a much 
larger role before the year 2000, especially with the 
perfecting of the breeder reactor. 
National Energy 
The United States has 6W!c of the world's 
population within its borders and consumes 35o/c of 
the world's energy (8). The United States uses more 
energy than any other nation in the world. On a 
per capita basis, including energy required to pro-
duce exported goods, we consume thirty times as 
much as developing countries and twice as much as 
other developed nations. 
In 1970, 95.9% of the United States' energy 
came from fossil fuels (oil, gas, coal and related pro-
ducts), 3.8o/c from water power and 0.3o/c from 
nuclear power ( 11). Total demand grew at a rate of 
4-5o/c between 1960-1970. The Federal Energy 
Commission projects a rate of increase of 2.7o/c 
between 1972 and 1985 (12). 
Oil was discovered in the United States at 
Titusville, Pennsylvania. A preacher in the town 
condemned the oil well as immoral; he stated that 
the oil was needed below ground to feed the fires of 
Hell; to withdraw the oil was to protect the wicked 
from the punishment they deserved (5). From this 
modest beginning oil has grown to a position of 
prominence as an energy source. Oil, however, due 
to rapid depletion and global politics, may no 
longer be an economic source of energy by the late 
1980's (12). In such an event, solar heating, 
geothermal energy, nuclear energy, and oil from 
shale might gain greater attention, and coal would 
undoubtedly become a major contributor. Oil shale 
reserves have been estimated at 2 trillion barrels 
in Colorado and Wyoming alone, but are not 
economically recoverable at this time (13). 
HOW LONG WILL ENERGY 
RESERVES IN THE UNITED 
STATES LAST? 
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TABLE 1-1 
PROBABLE LIFE SPANS OF UNITED STATES 
ENERGY RESOURCES 
Fuel 
Natural Gas 
Oil 
Lifespan 
40 years at 1970 rate 
20 years at 1970 rate 
200-300 years at 1970 rate Coal 
Uranium 100-1000 years after breeder reactor 
30 years without breeder reactor 
Fusion Infinite life when developed 
- --------· ----- ----'- --- - ----
(Source: Committee on Resources and Man. Nat. Acad. of Sci . National Research 
Council , Chapter 8). 
Figures 1-5 and 1-6 show a view of energy con-
sumption through 1985 by source and consumers. 
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Today's coal is the Nation's most abundant 
fossil fuel, and is found over much of the United 
States (Figure 1-7). It accounts for 739{- of our total 
recoverable fossil fuels, while oil and natural gas 
account for grl( and oil shale for 17% (5). Much of 
the industry in the United States, however, is 
geared to burn oil or gas, and since the turn of the 
century coal use has gradually declined. Coal use 
has declined because it is relatively heavy with 
respect to the amount of heat given off, and it may 
contain unacceptable amounts of sulfur and ash. 
The mining of coal itself also poses environmental 
problems. Nevertheless, efforts are now being made 
to convert coal to a liquid and also to a gas, in an 
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The Federal Energy Commission feels that after 
1985, synthetic fuels, such as oil and gas from coal, 
may play a larger role as petroleum products 
become increasingly expensive. The decline of 
natural gas will become acute in the late 1970's, 
and many large consumers (200 x 108 cu. ft. per 
day) will be shut off completely (9); this includes 
some electric generating plants. Natural gas, 
formed from organic material buried millions of 
years ago, is being rapidly depleted. Almost one-
third of the total energy use in the United States in 
1973 was powered by natural gas. Natural gas de-
livery cutbacks will cause large consumers to turn 
to other sources, and with oil costs increasing, coal 
Anthracite 
Bituminous 
• Sub-bituminous 
Figure 1-7. Coal Deposits of the United States. (Source: National Coal Association} 
attempt to close the gap between U.S. production of 
oil and consumption. In 1973 the United States de-
pended on foreign oil for 35% of domestic petroleum 
consumption (12). 
may become a viable alternative. 
The level of nuclear energy utilization in the 
United States at present is less than was predicted 
several years ago, due mostly to public concern re-
garding the safety of the units and related environ-
mental problems. The Nation's nuclear capacity is 
shown in Figure 1-8. The Department of the In-
terior forecasts a tenfold increase in nuclear 
generating capacity by 1985, which means that 
about seventy additional plants not currently on 
order will have to be built. In view of related 
problems concerning planning, designing, siting 
and production, it is doubtful that such an am-
bitious goal can be achieved by 1985. 
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but state-wide utilization is doubtful in the next 
decade. 
Iowa Energy 
WHAT ARE IOWA'S 
ENERGY RESOURCES? 
Coal is Iowa's only naturally occurring fuel 
!!!! Operable 
.& Being Built 
• Planned 
Figure 1-8. Present and planned nuclear power reactors in the United States. (Source: u.s. 
Atom1c Energy CommiSSIOn. 1974. Oak R1dge, Tenn.) 
One possible method of attaining energy in-
dependence by 1985 is shown in Figure 1-9. This 
goal of independence will be hard to meet, though 
some steps such as increasing tariffs on foreign oil 
(14), are already being taken, increasing tariffs and 
other measures will give incentives for further re-
search and exploration of national resources. It will 
take time to develop alternative power sources. 
Utilization of coal is only one method of helping to 
alleviate the energy situation, but the technology 
for coal use already exists. As stated in the global 
outlook, other forms of energy 
-solar, geothermal, hydroelectricity, tidal and 
wind-will have local impact as energy sources, 
with major reserves and may very well be the key 
to Iowa's energy future. Coal reserves are 
estimated at approximately 7.23 billion tons, 
although this is based on only about 20% of the 
coal bearing area. Assuming a 50% recovery rate of 
this limited estimate leaves 3.5 billion tons yet to 
be mined (15). Iowa coal is classified as high 
volatile bituminous coal, which means it has a heat 
value of 11,500 BTU (British Thermal Units) to 
13,000 BTU per pound, on a moist, ash-free basis 
(9). Iowa has enough coal to supply the coal needs 
of the whole United States for over 6 years at 1971 
consumption rates (12.2 quadrillion BTU per year). 
In Iowa the coal would last about 500 years at the 
1973 rate of coal consumption (19.2 trillion BTU 
per year). Clearly Iowa's coal reserves could be of 
immense value in the supply of energy. 
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states of Illinois, Missouri and Nebraska (15). 
Another potential source of energy in Iowa is 
from agricultural products. The Federal Bureau of 
Mines, using coal conversion processes, has found 
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supplied by oil in 1971, other sources supplied the rest of the energy needed-to total 69 
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Iowa posesses other potential fuel sources 
besides coal. A small amount of oil has been dis-
covered in the Hawkeye state. In 1973, near Keota 
in Washington County, a small well was in produc-
tion for a short time- producing a total of about 
400 barrels of oil (16). Though oil has been found in 
only one place to date, it is hoped that future ex-
ploration in Iowa may prove fruitful (17). Oil has 
been found in modest amounts in the neighboring 
that bovine manure may yield up to 47% of its dry 
weight in oil. Other processes can yield up to 42% 
of their dry weight in oil from corn stalks and 38% 
from corn cobs (18). While a seemingly high 
percentage of oil is gained from manure, corn 
stalks or cobs, the processing is expensive. It is not 
felt that these sources could provide a significant 
percentage of Iowa's energy needs within the next 
decade. 
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TABLE 1-2 
ENERGY CONSUMPTION IN IOWA 
{1973)- BY FUEL 
Fuel 
Petroleum: 3.09 billion gallons 
Natural Gas: 331 billion cubic feet 
Coal: 6.89 million tons 
Coke : 0.87 million tons 
Imported Electricity: 3.06 billion kWh 
Nuclear Electricity: 1.25 billion kWh 
Hydroelectricity: 0.90 billion kWh 
TOTALS 
Consumption 
Trillion BTU 
378.6 
341 .2 
165.3 
20.9 
9.2 
4.3 
3.1 
922.6 
Fraction 
41.0% 
37.0% 
17.9% 
2.3% 
1.0% 
0.5% 
0.3% 
100.0% 
(Source: State of Iowa, 1975. Energy: 1975, The First Annual Report of the Iowa 
Energy Policy Council, p. 11 ). 
Solar and wind sources of energy also hold 
promise in Iowa, as mentioned in the section on 
global energy, and may make some impact as 
sources on a local or individual basis, but it is 
doubtful whether a major contribution will be 
made in the next decade. Geothermal energy-
power stored as heat in the rocks below the earth's 
surface- has not been found in Iowa. To be feasible 
the heated rocks must be close to the earth's sur-
face which is not the case in Iowa. Hydroelectric 
power, from harnessing the energy of falling water, 
Industrial 
Electric 
Generation 
Agriculture 
has the potential of only 1 <jt, of Iowa's current 
energy consumption. 
Nuclear energy presently supplies about 25% of 
the state's energy needs. Three plants supply power 
to Iowa: the Duane Arnold Energy Center at Palo, 
Iowa; the Cooper Nuclear Station at Brownsville, 
Nebraska; and the Quad Cities Station at Cordova, 
Illinois. Iowa's current electric energy demands 
could be met by eight plants the size of the Duane 
Arnold Energy Center (550 megawatts). Concerns 
have already been raised, however, regarding plant 
Residential 
Commercial 
Schools 
Hospitals 
Transportation 
Figure 1-10. Iowa fuel use in 1973 (Source State of Iowa. 1975. Enerqy: 1975, The First Annual 
Reoort of th e Iowa Energy Policy Council, p. 121. 
safety, radiation and waste disposal. 
Table 1-2 shows energy consumption by fuel in 
Iowa. About 98o/c of the fuels used in Iowa are im-
ported. Coal is the only energy source native to 
Iowa; of the almost 7 million tons used in the state 
in 1973, about 12% came from Iowa, the rest was 
imported. Figure 1-10 depicts how energy is used in 
Iowa. 
WHAT ARE IOWA'S FUTURE 
ENERGY ALTERNATIVES? 
Future energy needs for Iowa are difficult to 
predict. Some decisions such as where generating 
plants should be located and what fuels they will 
burn may be made in-state. Other decisions, con-
cerning fuel availability or environmental controls, 
may come from outside the state. Predictions based 
on uncertain fuel supplies and uncertain consumer 
reactions to conservation measures add perplex-
ities, but there seem to be four major options for 
Iowa, the same basic options that apply to the 
whole United States: 
1. High consumption- Low production. Iowa has 
used this option for many years. In the period 
1953-1975 Iowa's energy needs increased almost 
4% per year, with only 2% of energy supplied by 
in-state resources. 
2. Low consumption- High production. Iowa has 
shown a trend toward this option in 1973 and 
197 4 with consumption actually dropping 2o/c. 
Energy demands are not as high as in 1973, but 
are still met by imported energy. 
3. High Consumption- High production. With 
high in-state production of energy (such as coal), 
the state continues rapid growth and is more in-
sulated from out-of-state energy development. 
4. Low Consumption- High Production. A lower 
growth rate coupled with high in-state produc-
tion (9,12). 
These are not the only possibilities open for Iowa's 
future, but are representative of major options. If 
Iowa decides on a higher production rate in 
generating electricity, or to maintain the present 
levels when natural gas availability is reduced in 
1977, coal may be the answer. 
With wise decisions Iowa may be able to reduce 
its reliance on power sources and fuels which come 
from other states. In a time when energy is at a 
premium world-wide, Iowa may have a highly 
economic fuel source within its borders. Since Iowa 
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supplies a relatively large percentage of the world's 
food and an even higher percentage of the United 
States' staples, could Iowa also supply power to fuel 
its agricultural and industrial production? 
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CHAPTER II 
ORIGIN OF IOWA COAL 
Coal in Iowa has a history of deposition which 
is similar in many respects to coal from other parts 
of the nation. The resemblance comes from the way 
coal is deposited, usually in a series of steps for 
which favorable environmental conditions are 
necessary. These conditions, while present in Iowa, 
appear to have fluctuated at a faster pace than in 
some other coal bearing regions in the United 
States. This flux in the environmental conditions 
during coal deposition affected the thickness and 
areal extent of the coal seam. As a result, to the 
best of our current knowledge, Iowa coal occurs in 
layers that are more variable than those layers 
found in such states as Wyoming and 
Pennsylvania. So while Iowa has large amounts of 
coal beneath its surface, it is not as easy to find 
and mine, as are thick continuous layers found in 
other states. For this reason, study of the origin of 
Iowa coal is important. Better estimates of poten-
tial coal bearing areas can be made, based on 
knowledge of the environmental conditions present 
millions of years ago and the typical shape of coal 
formations in Iowa. 
HOW IS COAL FORMED? 
Coal is the compressed and altered residue of 
plants that grew millions of years in the past. The 
genesis of Iowa coal began over 250 million years 
ago during a geologic time period known as the 
Pennsylvanian (see geology time scale in Appendix 
A). During the Penn3ylvanian (approximately 50 
million years in duration) plant material ac-
cumulated and was slowly converted to coal 
through a series of steps (19): 
1. A swamp environment. Conditions should 
be similar to those now found in Florida (20), 
the Dismal Swamp in North Carolina, and in 
deltaic regions, such as the mouth of the Mis-
sissippi River (19). 
2. Rapid plant growth and accumulation of 
plant debris. Rapid accumulation is 
necessary. If accumulation is too slow, then 
bacterial action will break down the plant 
matter to its basic constituents, much as an 
exposed tree stump is soon rotted and disap-
pears in a few years. Sufficient wetness and 
the acid nature of a swamp also inhibit the 
decay process and aid the accumulation of 
plant debris. 
3. Some mechanism for allowing large 
amounts of vegetative matter to ac-
cumulate to great thickness. The 
mechanism is called subsidence- a gradual 
sinking of a large part of the earth's crust 
over a period of thousands to millions of 
years. The rate of subsidence must be just 
right- if it is too fast the swamp will be cov-
ered with deep water, and the plants will die 
before thick accumulations are made. If too 
slow the swamp will not remain wet enough 
to sustain growth conditions, again resulting 
in thin accumulations of plant debris. 
4. The site of accumulation must be 
situated so that the plant material is not 
removed by erosion. After the accumula-
tion of plant material, the site must also be 
buried, usually under materials such as clay, 
silt, sand and limestone. 
5. Coalification. Coal metamorphoses from 
peat to anthracite and is characterized by a 
progressive loss of volatile matter and conse-
quently an increase in percent carbon con-
tent, as shown in Table 2-1. Heat and 
pressure, which are a result of the burial of 
the organic material under layers of other 
sediment, slowly break down plant cellulose 
to its basic constituents. Table 2-1 shows how 
carbon content increases from 59% in peat to 
959c in anthracite, with a loss of hydrogen, 
oxygen and nitrogen. The chemical nature of 
this process is in general: 
C6H 100 5 = C02 + 3Hp + CH4 + 4C 
cellulose = carbon dioxide + water + 
methane + carbon 
This reaction is dependent on temperature, 
depth of burial, and length of time the cellulose is 
subjected to these conditions. The process is never 
fully completed, but proceeds slowly from peat to 
anthracite. The sequence for this process is as 
follows: 
1. Peat-loose fibrous mass of plant debris, usual-
ly brown to yellow in color. As compaction in-
creases the color of peat becomes progressively 
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TABLE 2-1 
AVERAGE MAJOR CONSTITUENTS OF COAL IN PERCENT 
0/o 0/o 0/o 0/o 
Carbon Hydrogen Oxygen Nitrogen 
----- -----· 
Peat 59 6 33 2.0 
Lignite 73 4.5 17.7 2.1 
Bituminous 92 5.0 13 .8 
Anthracite 95 2.5 2.5 Trace 
(Source: William L. Stokes. 1973. Essentials of Earth History. Prentice-Hall Inc. 
Englewood, N . . ] p. 272l. 
darker. It takes about 120 feet of peat to form 6 
feet of coal ( 17,21l. 
2. Lignite- a dull brown to black in color, and 
quite soft with usually more woody tissue in its 
composition than carboniferous coal. Lignite has 
a BTU content of around 7000 per pound. 
:3 . Subbituminous- a transition type of coal 
between lignite and bituminous. It is darker in 
color (blacker) and has no easily visible organic 
structures. Subbituminous coals are more sub-
ject to weathering (breakdown when exposed to 
air and water), than bituminous coal. A BTU 
content of 9,500 per pound is average. 
4. Bituminous-coals mined in Iowa are of this 
type. Bituminous coals are dense black and have 
distinct layers. These layers are formed from 
plant material and other debris found in the 
swamps during deposition (20). The layers 
(lithotypes) are ( 22 ): 
Fusain- a soft, powdery and dirty charcoal-
like layer, which has a fibrous structure, 
and is responsible, in a large part, for coal 
dust. 
Dura in- a dull gray to brownish black in col-
or with a granular appearance. This layer 
is formed from more resistant plant struc-
tures, such as leaf cuticles and spore cases. 
Durain may also have a high clay content, 
possibly from flood waters depositing fine 
materials in the swamp during time of ac-
cumulation. 
Clarain-:- a mixture of resistant plant debris 
and a hardened jelly-like mass that 
probably represents the end point in plant 
decay. Clarain looks like a finely stratified 
mixture of bright and dull bands. 
Vi train- composed entirely of the jelly-like 
matrix as described in Clarain. Vitrain has 
very bright bands with no internal struc-
ture. 
The heating capacity of bituminous coals varies 
between 10,500 and 14,000 BTU's per pound. In 
the mine. the above four lithotypes are used. 
while in the laboratory, under microscopic ex-
amination, a different scheme is used. This 
second way of characterizing bituminous coal-
under a microscope- is sho\\<n in Plate 2-1. 
5. Anthracite- has a brilliant luster. dense black 
color. and no layering as in bituminous coals. 
Anthracite has a high carbon content as a result 
of having lost a large amount of volatiles during 
the long time of increased pressure and heat 
from overlying materials. Part of the increased 
pressure and heat may also have been due to 
crustal movement that took place after the peat 
was buried. Some coals found in the state of 
Pennsylvania are of this type. Anthracite coals 
have a BTU content in the 13,000 BTU range. 
6. Cannel coal-a dense and lusterless coal, burns 
with a candle-like flame and is only found in 
small deposits. It is believed formed from highly 
disintegrated organic debris-a consolidated 
vegetative mud. 
General climatic conditions were favorable in 
Iowa for swampy environments during the Pen-
nsylvanian. The North American continent as a 
whole looked very different from what we see to-
day, and Figure 2-1 shows the general way in 
which the continent is believed to have looked. The 
Pennsylvanian was a time of sub-tropical condi-
tions, with giant fern trees- some with leaves 3 
feet wide. There were other forms of life besides 
plants-six-inch cockroaches, dragon flies with 
over a two-foot wingspan; amphibians and mos-
quitoes were abundant (Figure 2-2). It was also a 
time of crustal movement during which land slowly 
rose or subsided over thousands of years(23\. 
At the start of the Pennsvlvanian the land sur-
face was low-lying but very irregular. This low-
lying, irregular surface was composed of older Mis-
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Plate 2-1. Coal macerals (single fragments of plant material) as seen under a microscope. Vitrinite influences 
the character of the coal the most, as in BTU content. 
1. Inertinite-cell wall material 
2. Vitrinite- cell wall material and internal cellular structures 
3. Exinite-spores, cuticles and algae 
(Source: Donald L. Biggs and Gloria Butson. 1975. Earth Science Department, Iowa State Univ. Ames, Iowa) 
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Figure 2-1. A reconstruction of what North America looked like during the Pennsylvan ian Period. At this time 
North America was much closer to the Equator, due to continental drift. The present North American 
shoreline is shown for reference only. (Source: William L. Stokes. 1973. Essentials of Earth History. Prentice-
Hall Inc. of Englewood, N. J. p. 272). 
sissippian-age limestones. Limestones are, 
geologically speaking, quite easily dissolved and 
eroded by ground water, rain, and rivers; they form 
a highly irregular surface composed of hills and 
valleys with well developed stream channels (24). 
Over this land surface, the continental sea ad-
vanced from the southwest. The advancement was 
caused by a gradual subsidence of the earth's crust, 
and not by an increase in the volume of sea water. 
The depressed area where the sea advanced is 
known as the Forest City Basin. (Part of the basin 
that extended into Iowa is shown in Figure 2-4). 
Water depth was generally more shallow towards 
the northeastern end, and deeper in the southwest. 
The basin occupied what is now Kansas, Nebraska 
and Missouri with a smaller portion in Iowa. This 
erosion surface was then partially submerged and 
swamps began to develop in the lowlands. The 
shoreline continually shifted back and forth in 
response to vertical adjustments and tilting of the 
17 
Figure 2-2. A graphic representation of a coal swamp during the Pennsylvan ian Period. (Source: after an ex-
hibit in the Chicago Natural History Museum). 
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to depos1ts or format1ons. (Source: after E. W. Spencer, 1966. Basic Concepts of Historical 
Geology, T. Y. Crowell Co. , N.Y., p. 273). 
land mass. This caused the swamps to shift, re-
maining near the shoreline or migrating to new 
lowlands. 
The deposits formed in this manner by suc-
cessive transgression and regression of the sea are 
called cyclothems (25) and are common in the coal 
bearing regions of Iowa. The relationship between 
deposits and the sea is shown in Figure 2-3. An 
ideal cyclothem, as described for the Illinois Basin, 
is as follows (26): 
Shale non-marine 
Alternating Shale 
and limestone 
Coal 
Underclay 
Shale 
Sandstone 
marine 
non-marine 
The sandstones were deposited as beaches along 
the sea, as deltas, or in the bank material of the 
streams that flowed from inland seas. When 
streams flooded and went over their banks sand 
was often deposited as the water lost the energy or 
velocity to carry it. Mud or clay particles were de-
posited further from the stream (or ocean shore) as 
these particles were lighter and were transported 
by relatively quiet waters. Limestone was de-
posited as deeper waters of the sea proceeded 
farther inland. A very general and somewhat 
idealized picture from a shoreline to deep water 
would be- sandstone, shale, and limestone. The 
thickness of each layer of rock depended on how 
long the conditions remained stable. The various 
colors of the limestones and shales were produced 
by the impurities that were present. High amounts 
of organic matter caused a dark or black color and 
usually indicated deposition in an area that was 
close to the swamp. 
WHY IS IOWA COAL DIFFERENT? 
If the environmental conditions during the 
phases of coal development extend over a great re-
gion and remain favorable for long periods of time, 
the coal will tend to occur in thick, continuous 
seams of great areal extent. This pleasant situa-
tion, however, seldom occurs. Geologic and climatic 
conditions usually change to produce alternating 
periods of favorable and unfavorable environments 
for the development of coal. If the environmental 
conditions are favorable and change slowly, the 
coal will tend to occur in a few thick, continuous 
seams; however, if the environmental conditions 
change rapidly !geologically speaking), the coal 
will tend to occur in more numerous but thinner 
a nd somewhat discontinuous seams. Although 
some Iowa coal seams are five feet or more in 
thickness, much of Iowa coal developed under 
relatively rapidly changing environmental condi-
tions, and consequently, tends to occur in seams 
less than four feet thick and less than a few hun-
dred acres in areal extent. 
Deposition in the Forest City Basin did not 
follow the ideal steps as described above. The 
physical and environmental conditions which con-
trolled deposition appeared to have varied from site 
to site. Some of the steps were missing or replaced 
-which may have been due to sea fluctuations of 
gr·eater magnitude and speed. An average Iowa 
cyclothem follows (27): 
Sandstone or limestone 
Shale and iron stone nodules 
Coal 
Clay or thin shale 
Coal 
Sandstone, limestone or shale 
As Iowa was subjected to slow shifting of the 
shoreline of the shallow interior sea, the 
transgressive sea cycles or landward movement of 
the shoreline covered the peat forming swamps and 
terminated plant growth. In time, once covered 
with deep water. the swamp was covered with sedi-
ments deposited by this water, only to be exposed 
once again as the shoreline shifted away from the 
land and toward the sea. This repeated change of 
sea depth caused the deltas, lagoons and coastal 
plains in Iowa to be constantly shifting, sometimes 
accumulating peat in great thickness, only to have 
it eroded, either partially or totally due to shifting 
stream channels and sea regression. 
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In a deltaic region, as one channel fills with 
stream sediment the channel shifts to a new lower 
area. This shifting stream pattern-with regions of 
swamp, hence peat production between-causes 
the resulting coal beds to be discontinuous, with 
the edges of the coal bed gradually grading into 
sandstone and siltstone that formed from stream 
and shoreline deposits. Peat production in 
floodplain swamps or in low areas between streams 
should be expected to gradually grade into black 
shale I mud-clay with organic matter for black 
color l closer to the sea or stream channel. The 
swamps along the shore should follow the coast 
possibly behind barrier islands. This would caus~ 
deposits longer than they are wide, with interrup-
tions where streams pass through the coastal area. 
The map in Figure 2-4 outlines the area that is 
underlain by Pennsylvanian Age rock. Coal is a 
potential resource in the entire area but is most 
common in the older portion of the Pennsylvanian, 
called the Des Moines Series. The rocks of the Des 
Moines Series have been further divided, with the 
most abundant coal reserves being found in the 
Pleasanton-Cherokee and Marmaton Group. The 
Wabaunsee group of the Virgil Series is also coal-
producing and is found in southwestern Iowa f27\. 
Many of the estimated coal reserves in Iowa are 
found in beds belonging to the Cherokee Group of 
the Des Moines Series . Siltstone, clay and 
carbonaceous shale predominate the group, but 
coal is found in thicknesses up to 5 feet . These beds 
are listed below (28): 
The Upper Cherokee !youngest unitl-
consists of 9 beds of which 6 contain coal. 
Murky coal bed-fairly persistent but thin 
over most of central and southern Iowa. 
Bevier coal bed- most variable of the six 
beds. Frequently replaced by channel 
sandstone. 
Wheeler coal bed- commonly thin. 
White Breast coal bed-usually greater than 
14 inches in thickness. 
Whiley coal bed-reserves estimated for four 
counties, (Guthrie, Lucas, Marion and War-
ren Counties), elsewhere it is too thin for 
reserves to be estimated. 
Munterville coal bed- generally thin but 
some reserves in seven southern counties 
!Guthrie, Boone, Dallas, Jasper, Polk, Storv 
and Warren Counties) (Oldest bed_:_ 
geologically l. 
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Figure 2-4. Shaded area represents area of Iowa possibly underlain by coal.· (Source: Iowa 
Geological Survey, Iowa City, Iowa). 
WHY IS AN EXTENSIVE 
EXPLORATION PROGRAM 
NEEDED TO FIND IOWA COAL? 
As was explained earlier, Iowa coal does not oc-
cur in a few thick layers that extend over 
thousands of acres at depths relatively close to the 
surface. Such a situation would be ideal for it 
would facilitate relatively rapid and simple ex-
ploration programs, as well as easy exploitation. 
Current data on Iowa coal, although somewhat 
sparse, indicate a more complex picture. Iowa coal 
tends to be discontinuous, with many deposits only 
a few hundred acres in areal extent. This is due in 
part to its origin and in part to the fact that in 
areas where the coal seams are close to the surface 
rivers have dissected the coal deposits by eroding 
broad valleys in the landscape. Coal seams are ex-
posed along parts of the Des Moines River valley 
but it is very difficult to estimate how much coal is 
present because information concerning its varia-
tion in thickness and how far it extends under-
ground is not available. 
Current estimates of Iowa coal reserves are 
based on past mining data (shaft and strip) and 
natural exposures along river valleys. The 
estimates are thought to be conservative, and there 
may very well be much more coal, but no one can 
say with a great deal of certainty because sufficient 
information is not available. Without the necessary 
data there cannot be accurate estimates of coal re-
serves, and without accurate extimates there can-
not be proper planning concerning potential use of 
Iowa's coal resources. Thus, an extensive explora-
tion program designed to map the amount and dis-
tribution of Iowa coal is needed. 
Exploration 
Coal is relatively common in southern Iowa, but 
since it was deposited in swamps that were con-
tinually shifting, it is difficult to determine how 
much coal is there. Mapping of a large area is ex-
pensive, especially when the deposits are not uni-
form in either depth or areal extent. The state, 
however, can sometimes fund a project when 
smaller entities find it impossible. A project has 
been initiated, therefore, by the Iowa Geological 
Survey in 1974 to gain more knowiedge about 
Iowa's coal-bearing region. A strip of land 40 to 80 
miles wide on either side of the Des Moines River 
is being drilled at approximately 6 mile intervals. 
Although drilling centers are flexible, township 
corners are used when possible, depending on ac-
cess and the opportunity to penetrate maximum 
coal bearing sections. The drilling will help to 
locate areas of high potential coal, which may be 
mined at a later time. 
The strip of land along the Des Moines River is 
not the only place where coal exists, but it is the 
area where coal deposits are mostly shallow-0 to 
500 feet below the surface. Through this drilling 
program and by using advanced geologic tech-
niques, a three dimensional model will be 
generated, and will be used to guide future explora-
tion and policy decisions. 
For those interested, the Iowa Geological 
Survey will put your name on a mailing list. The 
free newsletter you receive tells of drilling carried 
out during the most recent reporting period. More 
detailed information on individual logs may be ob-
tained for a small fee. Geophysical logs will also be 
run whenever feasible: Self-potential, Resistivity 
and Natural Gamma being the wmal suite (terms 
explained belowl. 
Self-Potential method- measures electric poten-
tials developed in the earth by elec-
trochemical action between minerals and the 
solutions with which they are in contact. Very 
simply this method measures small electric 
currents which flow between the upper and 
lower parts of an ore or coal body. 
Resistivity method- in essence electrical re-
sistivity measures the resistance of materials 
to a direct or alternating current. Some rock 
layers and soils conduct electricity easier than 
others; thus, different layers of rock and soils 
can be differentiated. 
Natural Gamma-this method measures natural 
radiation in the form of gamma rays, which 
are of the same nature as light and x-rays, but 
of higher energy. Uranium prospectors use 
Geiger counters to detect gamma rays, which 
are sometimes associated with valuable de-
posit::;. This procedure is used in bore holes for 
coal detection; since coal gives off less natural 
radiation than the surrounding rocks, the coal 
can be distinguished from other rock types 
(31,32). 
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Study of the geophysical logs can be made by ap-
pointment with the Iowa Geological Survey. For 
additional information or to be placed on the 
newsletter mailing list, write to: 
Coal Project 
Iowa Geological Survey 
16 W. ,Jefferson 
Iowa City, Iowa 52240 
It is recommended that whole classes or groups not 
write to the above address, only the person in 
charge. 
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CHAPTER Ill 
IOWA COAL MINING 
Coal mining in Iowa began over 135 years ago. 
The mining of coal no longer enjoys the prominence 
it once did, and, in general, has been declining for 
the past 50 years. Recent energy developments, 
however, may cause a renewed interest in mining. 
This chapter deals with the types of coal mines in 
Iowa, location of the mines, and some types of 
equipment used in the mining operations. 
When coal use began in Iowa during the mid 
1800's coal was not really mined, but simply picked 
up from exposed seams along river valleys. The 
coal was then transported by mule to a local home 
or possibly a commercial operation such as the 
operation of steamboats (22). Drift mining was the 
first organized system used to remove coal in Iowa. 
This technique consisted of digging into the 
already exposed seams along river valleys. Posts 
and timbers were used to hold up the soil and rock 
roof of the mine. Such seams usually thinned or 
pinched out as distance increased from the point of 
exposure. More continuous seams were usually 
found at greater depths. 
Two types of underground mines were used in 
Iowa to recover coal at great depths (Figure 3-1). 
The first was a shaft mine. With this type a 
vertical shaft was constructed perpendicular to the 
coal seam and coal was lifted up the shaft. The 
second was a slope mine. A sloping tunnel was 
utilized to facilitate the removal of coal by mule or 
manpower. Sloping tunnels were used when the 
seam was 100 feet or so deep. Vertical shafts were 
used for deeper mines. Until the early 1880's all 
mine work was done by human or animal labor. 
After reaching the seam by drift, slope or shaft 
-two methods were utilized to recover the coal-
the longwall and the room and pillar method. The 
technique used was determined by the thickness of 
the coal, depth of the coal and the type of rock 
which formed the roof of the mine. 
SHAfT 
MINE 
Figure 3-1. Types of mining techniques. (Source: Dorothy Schweider and Richard Kraemer. 1973. 
Iowa's Coal Mining Heritage. Dept. of Mines and Minerals. State of Iowa. p. 19). 
HOW IS COAL MINED UNDERGROUND 
The longwall method used the weight of over-
burden (the rock and soil above the mine roof to 
the surface) to break off the coal at the mine face . 
The coal seam was undercut · using special 
machinery- much like a large chain saw- leaving 
a four inch gap under the coal. The weight of the 
overburden was enough to break the undercut coal 
away from the rest of the seam, though not collaps-
ing the roof. Because most Iowa coal seams are less 
than 5 feet in thickness and not high enough to 
stand in, the miners crawled back to the coal face 
and broke up the larger pieces with picks, then 
loaded the pieces of coal into cars. Material cut 
from below the coal seam was piled and packed 
from the floor to the ceiling and used to support the 
roof (see Figure 3-2). The mines commonly had a 
fan shaped appearance, and cribs filled with debris 
for roof support filled the mine except for corridors 
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to the main shaft and the working face (33). The 
New Gladstone mine located in western Appanoose 
eounty was one of the last, if not the last, to use the 
advancing longwall method. While the room and 
pillar method is standard today, the longwall is 
more efficient because it permits removal of all of 
the coal. The New Gladstone removed a 30 inch 
thick coal seam. 
For thicker seams of coal the room and pillar 
method is used, as in the Big Ben Mine and Lovilia 
Number 2 mine, which are now in operation. At the 
bottom of the shaft or slope a minimum of two 
parallel main tunnels are driven into the coal 
seam. The two main entries are connected every 
300 feet or so by cross entries. Working away from 
the two main tunnels the miners begin carving out 
a room. Rooms are about 30 feet wide and 200 feet 
long. Eight to ten foot thick walls or pillars are left 
between rooms for roof support. These pillars of 
coal are usually left in place (Figure 3-3) and con-
st itute a loss of coal. 
~~~~~~=~~~~~~~~~ } Shale (? ft.) 
) 
Limestone (3ft.) 
(caprock) 
Shale (2 f t.) 
(slate, bo t) 
Coal (3 ft.) 
Fireclay (3V2 ft. ) 
(bottom ) 
Limestone (4V2 ft.) 
(bottom rock) 
Figure 3-2. Lo ngwall techniq ue of mining coal . wi th New Gladstone m ine cross-section. (So urce: 
Dorothy Schweider and Richard Kraemer. 1973. Iowa 's Coal Mining Heri tage. Dept. of Mines and 
Minerals. State o f Iowa p. 1 9l 
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Figure 3-3 . Room and pillar mine , map view. (Source : Dorothy Schweider and Richard Kraemer. 
1973. 1owa Coal Mining Heritage. Dept. of Mines and Minerals. State of Iowa, p. 21). 
The design of underground mines depends upon 
the shearing strength of rock, especially the rock 
roof. A device introduced by R. L. Handy, John Pitt 
and Larry Engle of Iowa State University is used 
to measure the shearing strength of coal and the 
associated soft rock at the site. Some of the advan-
tages of this test method over conventional ones 
are portability, simplicity of operation and speed at 
which test results are obtained. Usually, samples 
from the mine must be sent to a laboratory, which 
may take days to analyze. Application of this de-
vice in strip mines could ascertain whether coal 
and overburden can be moved by conventional 
equipment or must be blasted. This is very impor-
tant when predicting the cost of mining (34). 
HOW MANY WORKING COAL MINES 
DOES IOWA HAVE NOW? 
There are two underground mines in operation 
at this time, one near Knoxville, the other in Lov-
ilia (Figure 3-4). The Lovilia Coal Company, 
operating the largest underground shaft mine in 
Iowa, employs twenty-one workers, with sixteen 
working underground. This mine produced 245,000 
tons of coal in 1972. The Big Ben Coal Company, 
near Knoxville, is a slightly smaller operation, pro-
ducing 170,000 tons of coal in 1972. 
The remaining coal mined in Iowa comes from 
strip mines. In 1917 about 18,000 people were 
employed in the mining of Iowa coal; they now 
number less than 100. Once 450 mines operated in 
the state; now only seven remain in operation-
five strip mines and two underground mines. A 
simplified stratigraphic section is shown (figure 
3-5) for three of the five operating strip mines. This 
illustrates the depth to the coal and the type of 
material between the coal and the surface (35). 
Rock types in the overburden define some of the 
costs of the mining operation. For example, 
limestone or shale may require blasting which 
drives up costs, while thick layers of glacial drift 
and loess make reclamation less costly than if the 
lavers were very thin. Glacial drift consists of 
b~ulders. soil, sand, gravel or clay transported by a 
glacier or in the water released \vhen the ;.;hcier 
melted: loess consists of very fine particle,, ·.vhich 
were deposited by the wind. Both glacial dr:ft and 
loess can usually be moved easily without bla:-:ting. 
HOW DO STRIP MINES OPERATE? 
Strip mining-as in the five mines in hwa-is 
performed with a variet.v of equipment, although 
the procedure is basically the same regardless of 
equipment I 36 l. The first step is the complete re-
moval of all the material that lies over the coal 
!overburden /. A migrating strip or row is used in 
most cases. As the coal is removed from one section 
the next strip of coal is exposed and the Gverburden 
from that ;.;econd strip is used to fill the pit formed 
by the first strip (Figures 3-6. 3·7. 3-8). In the 
replacement of overburden, topsoil i;.; most impor-
tant if the land is to be restored to its former use 
and productiveness. Environmental considerations 
necessitate burial of high sulfur shales quickly in 
order to minimize the hazard of acid formation 
from the oxidation of pyrite. Topsoil and possibly 
other non-toxic materials-- such as glacial till and 
loess- must not be mixed with the sulfur bearing 
shale strata. Upon refilling the strip mine pit with 
the undesirable materials. the topsoil IS spread as 
the uppermost layer (Figure 3-7. 3-8, 3-9 L This 
method ensures a landscape that will support 
vegetation at least as prolific as before mining 
started. Foresight in reclamation procedures may 
even improve t he land's productivity and aesthetic 
value. 
The limiting factor in strip mining is the thick-
ness of the overburden. A rule of thumb, though 
very general, is that one foot of overburden may be 
economically removed for each inch of coal in the 
seam. Thus 48 feet of material could be removed to 
mine a four foot seam. The amount of overburden 
that one can afford to remove depends upon the 
quality of coal and the types of material that must 
be removed to expose the coal. Glacial till is much 
easier to move than consolidated rock such as 
limestone. Limestone removal may require blasting 
which drives up cost and hence reduces the depth 
at which coal can be mined economically. 
Strip mining, due to the size of the equipment 
used. requires fewer personnel. Some operations 
have required only two or three people, a tractor 
mounted front end loader. explosives, and a truck: 
however, mining in Iowa is usually not this simple. 
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More specialized equipment is commonly used, 
such as draglines, scrapers, bulldozers, large trucks 
for hauling coal and overburden, and possibly 
rotary drilling rigs for in-pit blasting of overburden 
or coal. Highway construction equipment can also 
be used in many cases (37). 
WHY STRIP MINE COAL INSTEAD 
OF DEEP MINING IT? 
Each type of mining, underground or surface, 
has some advantages and some disadvantages 
(39,40). 
Underground Mining 
Advantages: 
Work in any type of weather 
Less environmental concern at the surface 
No reclamation of large areas, in most cases 
Disadvantages: 
Up to 500( of the coal is left behind if the room 
and pillar method is used 
Very high initial cost of sinking a shaft 
Higher health hazards-dust, cave-in, 
dangerous gases 
Possible later subsidence of land surface 
Surface Mining 
Advantages: 
Remove all or most of the coal 
Less capital needed to begin mining 
Fewer employees needed in mine 
Disadvantages: 
Restoration of large amount of land to former 
use 
Acid control during actual operation of mine 
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Figure 3-4. Location of Iowa 's underground and strip mines: (Source: Dennis Struck and Lyle V. A. Sendlein . 
Stratigraphic Sections of Working Iowa Coal Mmes. Unpublished Paper for EMRRI , Iowa State Un1v. , Ames, Iowa) 
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HOW MUCH OF IOWA'S SURFACE 
COULD BE AFFECTED 
BY STRIP MINES? 
Less than one-half of Iowa is believed to have 
potential coal bearing strata, and of that area, 
about 25% can be classified as potentially suitable 
for strip mining (Figure 3-10). Preliminary data in-
dicate that only about 10% of the total potential 
coal bearing area has coal within 100 feet below 
the surface (38). When compared to the total area 
of Iowa, the area suitable for strip-mining will 
range from a minimum of about 4% to a possible 
maximum of about 10%. The potential strip mining 
area occupies a zone that roughly coincides with 
the Des Moines River Valley. The coal in that zone 
LOESS 
GLACIAL D Rl FT 
SAND & GRAVEL 
SHALE 
COAL 
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may be strip-mined because it is near the surface, 
the overburden can be removed and the coal taken 
and sold at profit. Coal bearing strata dip toward 
the southwest in Iowa so that the coal is found at 
greater depths in the southwestern part of the 
state. Strip mines are not economical there because 
removal of the overburden costs too much. Shaft 
mines are now used in that area (See Figure 3-4). 
For over five generations, coal has been 
mined in Iowa, though at this time there are 
only a handful of mines in operation. The era of 
the underground mine has gradually passed in-
to one of strip mines. Surface mines are more 
economical to operate, and in the future an in-
crease of this type of mine in Iowa may be 
realized. 
Max. 
Depth 
(ft) 
8 
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35 
39 
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Thick ness 
(ft) 
3-8 
12-15 
(S&G 0-6) 
6-12 
3.5-4 
Figure 3-5. Star Mine. A strip mine located about five miles southeast of Tracy in Mahaska County 
(Source Dennis Struck and Ly le V. A. Sendlem. 1974. Locations and Strat igraphic Sections of 
Work ing Iowa Coal Mines. Unpublished Paper for EMRRI. Iowa State Univ., Ames, Iowa). 
Figure 3-6. Strip mining with land rehabilitation. (Source: Energy and Minerals Research Institute. 1974. Iowa 
Coal Research Progress Report. Iowa State University. Ames, Iowa.) 
Figure 3-7. Two step mining with burial of shale (Source: Energy and Minerals Research Institute. 1974. Iowa 
Coal Research Progress Report. Iowa State University, Ames, Iowa.) 
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Figure 3-8. Mining by scraper. (Source: Energy and Minerals Research Institute. 1974. Iowa Coal Research 
Progress Report. Iowa State University. Ames, Iowa.) 
TOPSOIL 
SPOILS BANK 
SPOILS 
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Figure 3-9. Stripping by " wheel " method. (Source: Energy and Minerals Research Institute. 1974. Iowa Coal 
Research Progress Report. Iowa State University, Ames, Iowa.) 
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COAL WITHIN 100 FT. OF SURFACE ,BORE HO LE DAT A 
OVERBURDEN LESS THAN 100FT. MAP DATA 
POTENT IAL COAL BEARING ROCKS O F POSSIBLE 
STRIPP ING DEPTH UN INVE STIGATE D 
EXTENT OF PENNSYLVAN IAN STRATA •U SGS 
Figure 3-10. Preliminary evaluation of potential strip mine areas in Iowa. (Source: Dennis Struck and Lyle V. A. 
Sendlein. 1974. Potential Coal Stripping Areas in Iowa. Unpublished Paper for EMRRI. Iowa State University, 
Ames. Iowa.) 
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CHAPTER IV 
COMPOSITION AND PROCESSING 
OF IOWA COALS 
Iowa coal contains a variety of compounds, 
which change according to the location. The most 
important compounds are those which contain sul-
fur. Sulfur in various forms constitutes an environ-
mental hazard during burning. One way to make 
Iowa coal meet environmental burning standards 
is to remove, as much as possible, the sulfur bear-
ing compounds. A pilot coal cleaning plant is 
presently under construction at Iowa State 
University to accomplish this goal. The direct 
burning of coal is only one method of utilization; 
coal may also be changed to oil or to a gas. Two 
processes for the gasification of coal are shown dia-
gramatically in this chapter. 
Coal in Iowa varies somewhat in its general 
makeup. As discussed in Chapter II this variation 
is believed to be the result of an environment 
which was unstable, causing the various con-
stituents in the coal to vary with location. This 
variance can be seen in Table 4-1 below. 
The ash in coal, as shown in Table 4-1, 
originates as muds, sand and silts (mineral matter 
rather than organic) washed into the original peat 
beds (swamps) through floods, high tides and wind. 
The volatile material is mostly methane (CH) 
which is formed as a result of the decomposition 
process of plant material. The process is shown as 
follows : 
C,;H 1110,, =CO~ + 3Hp + CH~ + 4C 
cellulose = carbon dioxide 
+ water + methane + carbon 
Some of the other basic characteristics of coal from 
various Iowa areas can be seen in Table 4-1. 
Sulfur, probably the major deleterious element 
found in Iowa coal, poses many environmental 
hazards, both in burning and in reclamation. It oc-
curs m coal as either organic sulfur or in the 
mineral form pyrite IFeS., l, marcasite (FeS,l. or 
gypsum (CaS0~2Hpl. Pyr-ite, or fool's gold.- is a 
pale brass-yellow color and is found to occur in a 
variety of environments, particularly in stagnant. 
anaerobic conditions !41 l. Marcasite is very similar 
to pyrite but has a paler color and a different 
crystal structure, although both have the same 
chemical composition. Gypsum is usually white or 
colorless and can be scratched with the fingernail. 
Sulfur is believed to originate in coal in several 
ways. Much of it is derived from the sulfate ion 
(SO) introduced into the swamp by marine waters 
or runoff from terrestrial sources. During the early 
chemical and physical changes taking place in the 
peat soon after deposition (diagenesis l, hydrogen 
sulfide (H.,S- hydrogen sulfide gas having a rotten 
egg smelfl is released through bacterial action. 
This hydrogen sulfide reacts with available iron to 
form pyrite ( 19). The chief source of iron is from the 
weathering (breaking down) of pre-existing rocks. 
Iron is also found in organic material, but to a 
lesser extent. 
TABLE 4-1 
VARIANCE IN IOWA COAL MAJOR CONSTITUENTS 
Area Moisture% Axh% Sulfur% BTU/Ib 
Webster-Boone 20.8% 12.0 6.1 9,200 
Polk-Warren 14.6 15.6 4.7 9,990 
Jasper 15.9 13.9 5.6 9,790 
Marion-Mahaska 17.1 11.7 4.8 9,930 
Mahaska-Wapello 14.6 10.6 4.6 10,530 
Monroe-Lucas 15.2 11.7 4.8 10,100 
Appanoose 16.1 11.6 4.7 10,100 
Van Buren-Jefferson 13.0 14.5 5.9 10,220 
(Source: United States Dept. of Interior. 1954. Synthetic Liquid Fuel Potential of Iowa. 
Report for the Bureau of Mines, Corps of Engineers. p. 8). 
Anaerobic bacteria may also play a role in sul-
fur and pyrite formation. These bacteria, of which 
Thiobacillis tioparus is one type, may oxidize 
hydrogen sulfide to sulfur (42). 
hydrogen sulfide + oxygen = water + sulfur 
Hfl 0 = Hp + S 
This elemental sulfur (S), usually referred to as or-
ganic sulfur, may then remain in the deposit, or 
combine with iron sulfide (FeS) to form pyrite 
( FeS). About half of the sulfur in Iowa coal is com-
bined with iron to form pyrite, the other half is 
elemental or organic sulfur. 
Sulfur as found in Iowa coals is shown in the 
following micrographs (Plates 4-1 through 4-7). The 
micrographs were taken with a scanning electron 
microscope by R. T. Greer at Iowa State University 
(43, 44, 45). Many of the pyrite and gypsum 
crystals shown are on the order of only a few 
microns (one micron equals one millionth of a 
meter) in width. Smaller pyrite crystals sometimes 
are in small groups of many individual crystals 
(Plates 4-1, 4-2, 4-3) called framboids. These tiny 
sulfide crystals are one of the reasons that Iowa 
coal must be cleaned. 
Coal also has many trace elements which are 
found in very small quantities (46, 47) and are 
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measured in parts per million (ppm). These are 
shown in Table 4-2, with trace elements in the 
earth's crust given for comparison. The low concen-
tration of these elements is not considered to be en-
vironmentally harmful now; however, on the basis 
of the enormous tonnage of coal to be consumed. 
the ultimate quantity could be considerable and 
could represent a potential health hazard. 
Processing of Iowa Coal 
Because some Iowa coals contain as much as 90( 
sulfur as mined, they are not environmentally ac-
ceptable as fuels. The Iowa Department of Environ-
mental Quality has established an upper limit of 
3.0 pounds of sulfur per million BTU of heating 
value for coal burned in existing electric generat-
ing facilities. This is approximately 3.6'/C by total 
weight for coal having a heating value of 12,000 
BTU per pound. This sulfur standard became effec-
tive July 31, 1975. After July 1, 1978 a standard of 
2.5 pounds of sulfur per million BTU heating value 
will be imposed. This is analagous to approximate-
ly 3.09C by weight total sulfur at 12,000 BTU per 
pound (48). Cleaning methods can be employed, 
however, to greatly reduce the sulfur content to 
meet minimum pollution standards. 
TABLE 4-2 
AVERAGE TRACE CONCENTRATION OF SOME 
ELEMENTS IN COAL (IN PARTS PER MILLION) 
Element 
Copper(Cu) 
Lead(Pb) 
Zinc (Zn) 
Silver(Ag) 
Arsenic (As) 
Tin(Sn) 
Gallium(Ga) 
Beryllium (Be) 
Cobalt(Co) 
Nickei(Ni) 
Molybdenum (Mo) 
Vanadium (V) 
Earth ' s 
Crust 
(ppm) 
55.0 
12.5 
70.0 
0.7 
1.8 
2.0 
15.0 
2.8 
25.0 
75.0 
1.5 
135.0 
Typical 
Bituminous 
Coal (ppm) 
16.0 
110.0 
130.0 
0.3 
76.0 
2.8 
22.0 
26.0 
16.0 
25.0 
6.0 
10.0 
(Source: after G. D. Nicholls, 1968. The Geochemistry of 
Coal Bear ing Strata, in Coal and Coal Bearing Strata. 
Murchison and Westall ed., Oliver and Byrd, London. pp. 
271-272. H. J. Rosier and H. Lange. 1972. Geochemical 
Tables. Elsevier Pub. Co., N.Y. pp. 336-337.) 
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Plate 4-1. Iron pyrite. These pyrites are in clumps or groups called framboids, which are aggrega-
tions of small crystals (Source: courtesy of Raymond T. Greer) 
Plate 4-2. Framboids at a higher magnification showing individual crystals. (Source: courtesy of 
Raymond T. Greer) 
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Plate 4-3. Framboid and larger individual pyrite crystals. (Source: courtesy of Raymond T. Greer). 
Plate 4-4. High magnification view. Framboid is seen to be composed of individual pyrite 
crystallites of a size of about one micron in diameter. Note opposition of pyrite crystallites with 
contacts between octahedra at points. (Source: courtesy of Raymond T. Greer) 
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Plate 4-5. Very high magnification exposure of individual pyrite crystals. (Source: courtesy of 
Raymond T. Greer) · 
Plate 4-6. A framboid showing interlocking crystals giving a rose-like appearance (Source: 
courtesy of Raymond T. Greer). 
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Plate 4-7. Gypsum crystals, another sulfur bearing compound (CaS04 • 2H 0). (Source: courtesy 
of Raymond T. Greer) 2 
CAN IOWA COAL BE CLEANED TO MEET 
ENVIRONMENTAL STANDARDS? 
At present (January, 1976), there are no coal 
preparation (cleaning) facilities of a commercial 
type in Iowa. A target date of Spring, 1976 has 
been set for Iowa's first coal preparation plant on 
the edge of the Iowa State University campus, near 
the physical plant cooling towers. At this beneficia-
tion plant, crushed coal will be cleaned at the rate 
of 70 tons an hour, at an estimated cost of less than 
$1.50 per ton. Preparation plants have been very 
large and expensive in the past, costing millions of 
dollars, and have been fixed in one location. The 
Iowa State University plant will be movable, thus 
useable at many sites instead of only one. The 
preparation facilities could be moved to the coal in-
stead of transporting the coal to the plant. The 
portability of the plant will reduce transportation 
costs as coal can be processed at the mine. 
This Energy and Minerals Resources Research 
Institute project will utilize two processes to 
separate coal from the pyrite and potential ash-
forming ingredients (sand, clay and other mineral 
matter). The processes are as follows: 
1) Heavy media processing uses a liquid in which 
coal will float and impurities, such as iron 
pyrite and ash forming mineral matter, will 
sink. Water, with magnetite added to increase 
the water's specific gravity, makes this possible. 
Very simply, coal is skimmed from the surface 
of the magnetite slurry and denser impurities 
are removed at the bottom. Magnetite is a 
magnetic mineral and is recovered at the end of 
the process, then recycled. 
2) A concentration or Deister table is used for 
smaller lumps of coal less than 3/8 inch in 
diameter which would not be efficiently 
separated by the heavy media method. The coal 
is passed over a riffled vibrating table; the 
heavier impurities are vibrated off the end of 
the table while the cleaned coal is washed over 
one side. This process is very similar to panning 
for gold, where impurities are washed over the 
side of the pan and the heavier gold stays on the 
bottom. The beneficiation plant is shown dia-
gramatically in Figure 4-1. The preparation 
plant will be used by University personnel as 
part of an on-going research program involving 
Iowa coal, especially cleaning processes. 
Clean 
Coal 
To Recycle 
Concentration 
Tables 
+Fresh Water Make-Up 
Figure 4-1 . Coal preparation plant (Source: Energy and Minerals Resources Institute. 1974. Iowa 
Coal Research Project Progress Report. Iowa State University. Ames, Iowa.) 
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';>tate 4-8. Fracture pattern in comminuted coal. Pattern is controlled by maceral boundaries in 
this case, (Source: courtesy of Raymond T. Greer) 
Sulfur bearing compounds and ash forming 
materials are exposed by crushing the coal. Im-
purities are separated out by heavy media vessels 
and concentration tables, however, these are only 
two methods of getting at the impurities; many dif-
ferent types of cleaning devices are available from 
coal preparation equipment manufacturers. At pre-
sent, research is underway which deals with a pro-
cess called chemical comminution. When coal is 
treated with a comminution agent, such as 
anhydrous liquid ammonia, it causes the coal to 
fragment spontaneously. This fragmentation is 
along layers in the coal or between interfaces of 
dissimilar materials (49,50). The coal falls apart 
and exposes mineral matter for later cleaning pro-
cesses. Results of the process are shown on Plate 
4-8. 
Research at Iowa State University is also going 
on to find other economical industrial processes for 
desulfurizing Iowa's coals. Some of the methods un-
der consideration involve treatment of pulverized 
coal with gases containing oxygen at temperatures 
of 300 to 600°C. The coal is passed through a 
fluidized bed reactor, which means the coal is kept 
in a state of agitation by the upward passage of 
gases, so it can flow like a fluid when required. The 
passage of heated oxygen-bearing gases selectively 
oxidize the pyrites to iron oxides and sulfur dioxide 
without burning the coal. Large amounts of sulfur 
can be removed at higher temperatures, but there 
is also a large loss of volatile matter, mostly 
methane (CH4), thus making recovery of the resul-
tant gas necessary for economical operation. 
Another method uses hydrogen instead of oxygen 
in the fluidized bed reactor in the same tem-
perature range. Combinations of both processes-
oxidation and hydrodesulfurization- are also be-
ing evaluated. Other treatments include the oxida-
tion of pyrites using hot solutions of ferric chloride 
or ferric sulfate. 
Another type of cleaning method is called oil 
agglomeration. In this method, very fine coal dust 
is mixed with water (aqueous suspension) and 
stirred. A blender, as found in the kitchen, is used 
to perform this operation in the laboratory. Oil is 
then added to the mixture. The oil causes the or-
ganic matter to form large agglomerates which can 
be recovered, leaving pyrite and other minerals 
behind. Further information on preparation techni-
ques may be found in publications listed in the 
bibliography. 
Iowa coal may possibly be used in other ways 
besides direct burning, as in electric utility plants. 
Liquefaction and gasification are also possibilities 
for Iowa's fossil fuel. Liquefaction applies to two 
general processes of which the first is called 
hydrogenation: the second is the synthane process. 
Hydrogenation was developed in Germany and 
after modification was used to produce about 85l.k 
of German aviation gasoline in World War II. In 
very simple terms, the process consists of combin-
ing hydrogen with coal at temperatures of 700 to 
900oF and at pressures ranging from 3,000 to 
10.000 pounds per square inch. Roughly one-half of 
the total coal used is converted to liquid fuels 
1 gasoline l; the other half is used to supply energy 
and hydrogen for the process. For a plant producing 
10.000 barrels of gasoline a day, approximately 
4.900 tons of Iowa coal would be necessary. An 
Army Corps of Engineers report for the U.S. 
Bureau of Mines includes a complete study of 
hydrogenation and the synthane process (51 l. The 
study was completed in 1951 and covers all aspects, 
from employment to transportation, of the use of 
Iowa coal as a potential energy source for synthetic 
liquid fuel. 
The synthane process consists of interacting, 
over a suitable catalyst, carbon monoxide and 
hydrogen. at t emperatures from 550 to 650aF and 
at a pressure of 200 to 500 pounds per square inch, 
with coal to produce fuel oils, gasoline and 
Liquified Petroleum Gas (L.P. Gas) in varying 
amounts. A plant capable of producing 10,000 bar-
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rels of product daily would require about 6,300 tons 
of Iowa coal per day I 5ll. Both of the processes 
described- hydrogenation and synthane-require 
cleaning of the coal before use to remove ash form-
ing materials and sulfur. 
Gasification is also a way to change coal to 
another type of fuel-gas. Gas, such as natural gas. 
is clean, easy to distribute and convenient to use. 
Gasification involves heating the coal and reacting 
it with air. oxygen, steam or various mixtures of 
these. The gas produced may vary in BTU value 
from about llO BTU to over 900 BTU per cubic 
foot. Natural gas has a heating value of approx-
imately 1.030 BTU for one cubic foot. There are 
many commercial methods for gasification 152.53 '· 
Two of them are shown diagramtically on the 
following pages. 
Both gasification and liquefaction of coal pro-
duce fuels of very low ash and sulfur content. 
Liquefaction processes are under development by 
the U.S. Bureau of Mines and by several industrial 
companies. Demonstration plants using several 
hundred tons of coal per day will be built in 1976 
or 1977 !54 l. 
In summary, Iowa coals contain a variety of 
compounds. such as pyrite. marcasite and gypsum. 
Although the amounts of sulfides vary with loca-
tions in Iowa, they are always present. Facilities 
are now being built to separate these unwanted 
materials from Iowa's coal. Coal. however, need not 
be burned directly to release its energy. It may also 
be changed to oil or to a gas. Germany changed 
coal to gasoline during World War II. and similar 
plants using Iowa coal may help to alleviate ex-
pected shortages of petroleum products. 
Coal 
Lock 
Hopper 
Coal 
Distributor 
Inlet for Steam, 
Air or Oxygen 
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Coal 
Liquid 
~ 
Scrubber 
Raw 
Synthesis 
Gas ~r)l!il!i'!f!B!!t--
j Dust and Tar 
Ash Lock Hopper 
Figure 4-2. Lurgi Process is one method of coal gasification that is available on a commercia l 
scale. It is a pressurized process in wh ich coal descending into the gasifier is f irst dried and then 
carbonized by reaction with oxygen and steam. In the gasifier's bottom layer the remaining 
carbon is burned to provide heat for the react ions above. (Source- Harry Perry , 1974, The 
Gastfication of Coal. Sci . Am .. March, Vol. 230. no. 3. p . 19-24). 
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Pretreater 
Residual Char ! 
j 
Dust 
and 
Tar 
Shift Converter 
Purificat ion 
Methanat ion 
Synthetic 
j Natural Gas 
Figure 4-3. Synthane Process of the U.S. Bureau of Mines is at the small pilot-plant stage. It is de-
signed to produce a synthetic gas that would serve as a substitute for natural gas. Coal is pre-
treated to destroy its caking properties, carbonized in the dense phase of the gasifier and then 
gasified with oxygen and steam in the dilute phase. Conversion to yield a 3:1 ratio of hydrogen to 
carbon monoxide is followed by methanation with a nickel catalyst. (Source- Harry Perry , 1974, 
The Gasification of Coal , Sci. Am., March, Vol. 230, no. 3, p. 19-24). 
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CHAPTER V 
COAL AND THE ENVIRONMENT 
The environment is affected by coal in two 
ways. One way is at the mine itself. and the second 
is associated with Lhe burning of coal. Overburden 
in Iowa usually contains potential sulfuric acid 
forming material s. pyrite for example. which upon 
exposure to air and water begin an oxidation pro-
cess that ends in the generation of acid. The acid 
has a detrimental effect on plants and also on local 
streams which carry the acid away from the mine 
site. 
The burning of coal presents problems which 
may have more than just a local effect. Sulfur diox-
ide and nitrogen oxide are produced when coal is 
burned. These gases, along with ash, go out the 
smoke stack and pollute the air, causing smog and 
possibly health hazards if uncontrolled. Selected 
Iowa power generating facilities and the amount of 
sulfur dioxide that each facility generates are 
listed in Table 5-3 at the end of this chapter. Many 
problems linked with the combustion products of 
coal have been solved. but not all, especially 
nitrogen oxide emissions. Technological advances, 
however. may solve this problem in the near 
future. 
Environmental Problems Associated 
With Coal Mines 
Most environmental problems associated with 
coal mining are linked to strip mining in Iowa. The 
higher efficiency of strip mining and the shallow 
depths at which some Iowa coal is found, will most 
likely cause those areas where strip mining is 
possible to be mined first. During and after mining, 
the oxidation of sulfur forms acid, which may pro-
duce acid mine-drainage. All strip mines in Iowa 
have this potential. The acid produced comes from 
sulfide sulfur, occurring as pyrite in the shales that 
form part of the overburden. Oxygen is part of the 
chemical composition of the acids, which are 
formed when the material is exposed. Oxidation 
begins on the exposed surface of the sulfur-bearing 
materials and proceeds to break down the ele-
ments. Water in the form of moisture or rain 
hastens the process, and the generation of acid. The 
longer the sulfur-bearing minerals such as pyrite 
and marcasite are exposed to the atmosphere, the 
},'Teater the amount of acid generated. 
The acid is usually generated in spoil banks 
which are piles of overburden that have been re-
moved from over the coal (Figure 3-8 l. Spoil banks 
are composed of shale, till, clay, soil, sand, gravel, 
limestone, minerals and waste coals; these compo-
nents are mixed in various proportions. The shale 
and waste coal in the spoil banks contain minerals 
that become oxidized and produce acid so it is often 
difficult to find plant species that will grow in all 
parts of the spoil bank. 
Proper planning before strip mining starts can 
prevent most environmental problems. The separa-
tion of the soil and subsoil from the underlying 
material, which contains possible contaminants, 
makes restoration of the landscape possible. Early 
strip-mining operators generally put top soil at the 
bottom of spoil piles, thus exposing large amounts 
of potential acid generating sulfur compounds for 
long periods of time. This makes it very difficult to 
return the top soil to the surface for reclamation. In 
some states. this procedure has left large areas 
with little vegetation. Iowa has the lowest total 
stripped acreage of all states in the Central States 
Region but the highest percentage of toxic or acid 
spoil-pH 4.0 or less. Present figures for toxic or 
near toxic acreage in Iowa has been estimated at 
about 11,000 acres and may be increasing 
(55,56,57 ). 
HOW DO ACID CONDITIONS (LOW pH) 
AFFECT PLANTS ON SPOIL BANKS? 
The primary effects are: 
1. Reduces nutrient availability, increases avail-
able amount of heavy metals toxic to plants 
(58,59). 
2. Phosphorus is converted to forms which the 
plant cannot use-complexes of iron, aluminum 
and perhaps magnesium phosphates (60,61,62l. 
3. Aluminum accumulates as an exchangeable 
cation. Once taken into the cell structure. the 
aluminum build-up causes cellular death. Some 
plants, such as the arnot bristly locust. however, 
are naturally resistant (57). 
4. Nitrogen is generally less available on acid 
sites; low pH soil inhibits the fixation of 
nitrogen by microorganisms (61,62,63). 
Unreclaimed spoil banks or banks exposed dur-
ing mining also have an adverse effect on ponds 
and streams due to acid mine drainage. The sul-
fates released from the weathering of iron pyrites, 
marcasites and black amorphous pyrite first affect 
the plants on the spoil itself-as noted above-
then are transported into streams and ponds as 
acid. This runoff, with a high amount of sulfuric 
acid (H!SO) creates highly acid conditions in the 
water, with pH's as low as 2-3 (64,65,66,67). Acid 
mine drainage may also include sulfates of iron, 
aluminum, calcium and magnesium along with 
lead, copper and other metals. These metal ions 
and acid may make streams, ponds or lakes un-
suitable for most forms of aquatic life. 
Problems also arise if this water, which con-
tains acid and metals, is used for any purpose, such 
as irrigation, watering of livestock, and so forth, 
unless the water is first treated to remove toxic 
materials. Elimination of the acid runoff, through 
stabilization of the spoil banks, allows a more 
natural population and diversity of plant and 
animal species to reestablish in the pond or stream 
(68). 
Acid forming materials on the surface of the 
spoil banks makes revegetation a problem, but it is 
not insurmountable by any means. Although 
generally expensive because of the volume needed, 
limestone may be added to the spoil to neutralize 
the acid conditions. Soil may also be used to cover 
the acid forming material. A study conducted dur-
ing the 1974 and 1975 growing seasons, showed 
that 18 inches of soil is needed to protect corn 
plants from the spoils beneath (69). This is 
generally the method used, soil on spoil material, 
in reclamation procedures. Cost is also reduced if 
original topsoil is replaced instead of importing it 
from other areas. One strip mining method is 
shown in Figure 3-8. This method covers potential 
acid material quickly to reduce risk of acid forma-
tion. The removal of air and/or water from the 
system stops or greatly reduces the acid forming 
process (70,71,72). 
WHAT IS BEING DONE TO RECLAIM 
STRIP MINED LANDS? 
The President of the United States recently 
vetoed the Surface Mining Control and Reclama-
tion Act of 1975, whose key provisions were: 
1. Strip mined land must be returned to its 
original contours; operators of the mine are 
responsible for returning the land to condi-
tions of use prior to mining operations 
(pasture, farming, recreation). The land must 
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be revegetated and local water resources 
replenished as to quantity and quality 
originally present. 
2. Operators must pay 35• for every ton of strip 
mined coal, and 15• for each deep mined ton, 
into a fund which will be used to reclaim 
abandoned mine areas. There are already 
over 100 million acres in need of reclama-
tion, mostly in Appalachia. 
3. Anyone affected adversely by strip mining 
may bring suit against the operator, the 
state, the United States or the regulatory 
authorities, including the Secretary of the 
Interior. 
During the spring of 1975, Iowa passed its own 
strip mining bill. Legislation on the books before 
this new law was enacted did little to ensure the 
return of mined land to a useable condition. 
Surface coal mining in Iowa now must adhere to 
strict regulations which cover all facets of the min-
ing operation. Other major points in the new bill 
are: 
1. A diverse and permanent vegetative cover, 
capable of self-regeneration, must be 
established after mining is complete. If the 
land was in row crop use before mining it 
must be restored for that use or a higher 
form of land use after mining. 
2. Acid drainage shall not be allowed to pollute 
surface or ground water. 
3. The operator must post a bond to insure that 
the mined acreage will be reclaimed; the 
bond will be of sufficient amount so that if 
forfeited it will cover the costs involved in 
restoration. 
4. Applications for state mining permits must 
be accompanied by a plan for rehabilitation, 
samples of overburden and data concerning 
thickness of coal. If reclamation is not 
physically or biologically possible, or if min-
ing will endanger life and property or 
natural systems, no permit will be issued. 
These new laws should guard Iowa's environ-
ment in the future if surface mining continues. 
Environmental Problems- Associated 
With Burning of Coal 
The burning of oil or natural gas leaves 
virtually no solid waste (ash) behind and also con-
tains relatively little sulfur. Coal, however, pre-
sents a problem in that 5 to 20 percent of the coal 
is left behind as ash. Coal fired plants require con-
struction of facilities to dispose of the bottom ash or 
slag which is about 1/a of total ash, and the fly ash 
which is the other %. Slag, also called "clinker," is 
left in the bottom of the furnace after the burning 
of coal. Fly ash is that part of the solid matter 
which is light enough to go out of the chimney or 
stack. Fly ash is a potential pollutant and must be 
removed, as the fine particles (smoke) are easily in-
haled and may also cause visibility problems 
(smog). Ash is a problem associated with all coal 
combustion. Sulfur dioxide, however, is more of a 
problem with Iowa coals because of their high sul-
fur content. 
When sulfur combines with oxygen during com-
bustion, sulfur dioxide (SO) is formed. Sulfur diox-
ide is a major air pollutant, but can be controlled 
by either burning low sulfur coal or by removing 
the sulfur dioxide before it goes out the smoke 
stack. Wet scrubbing is one method used in sulfur 
dioxide and particulate (fly ash) control. The wet 
scrubber process consists of passing the gas emitted 
from the combustion of coal through an apparatus 
which disperses a liquid (usually water) 
throughout the gas. The liquid captures the 
particulate matter and the sulfur dioxide. A 
problem associated with the wet scrubber is the 
physical disposal of the waste products, which may 
not be acceptable even for landfill. Other major 
problems are corrosion, breakage, plugging of 
equipment and fan problems. Even when these 
problems are minimized, high capital costs alone 
make wet scrubbing an expensive process. 
Electrostatic precipitators hav'3 been used in 
generating stations for many years, mostly for 
particulate emission control. This technique uses a 
high intensity electric field which causes the 
particles (fly ash) to migrate to a point where they 
can be collected. Sulfur content and other con-
stituents of the ash in the gas influence the way 
that the particles react to the electric field (re-
sistivity), so removal of fly ash is subject to severe 
fluctuations (48). Precipitator costs vary between 
$6 and $40 per kilowatt. 
Many other processes may be used for the con-
trol of sulfur dioxide and ash. Among the most 
prominent are (8,48): 
1. Dry Limestone injection-one of the oldest 
methods, with 11-50% efficiency. Pulverized 
limestone is introduced directly into the furnace 
and reacts in the gas phase with sulfur dioxide to 
form a solid compound-calcium sulfate. 
2. Wet limestone scrubbing-involves the mix-
ing of a lime or limestone slurry with the flue gas 
in a scrubber. The limestone or lime reacts with 
sulfur dioxide to form calcium sulfate and calcium 
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sulfite. While having a high efficiency of sulfur 
dioxide removal, 65-80£k, this method presents a 
solid waste disposal problem. 
3. Magnesium Oxide and Sodium Hydroxide 
Scrubbing- both use highly reactive additives 
which chemically react with sulfur dioxide to pro-
duce soluble sulfur salts of sodium and magnesium. 
Elemental sulfur can be recovered from both 
systems, but in the magnesium oxide system sul-
furic acid is also produced. 
4. Catalytic Oxidation- gases are passed 
through a catalyst bed to remove sulfur dioxide 
from the flue gasses. The sulfur dioxide is con-
verted to sulfur trioxide and then to sulfuric acid 
with final absorption of the sulfuric acid by ac-
tivated charcoal. 
Estimated operating costs of these systems 
mentioned above appear to be in the range of $3 to 
$4 a ton of coal burned, which may be equivalent to 
a 20<Jr increase over present day fuel costs, but 
prices are subject to rapid change- usually up-
ward. 
Nitrogen oxide is also considered harmful to 
human health. Three components are necessary for 
the production of nitrogen oxides (NO.): 1) high 
temperatures, 2) oxygen, and 3) nitrogen, all of 
which are present when a coal furnace is fired with 
sufficient excess air to insure complete combustion. 
Techniques for control employ the reduction of ox-
ygen and temperatures in the flame zone of the 
furnace. However, the alteration of firing pro-
cedures may affect the heat transfer and cause 
operating problems that reduce efficiency. No near 
term solution for control of nitrogen oxide emission 
is seen, and no flue-gas treatment process is cur-
rently available, as it is for sulfur dioxide (48). 
47 
TABLE 5-1 
Annual Mean Values of Pollutants Adopted on Aprll30, 1971 
Clean Air Act of 1970 (in micrograms/cubic meter) 
Pollutant Primary Standards Secondary Standards 
Particulate 75 60 
Sulfur Dioxide 80 60 
Nitrogen Oxide 100 100 
(Source: United States Senate Hearings, 93rd Congress. 
1973. The Present and Future Role of Coal in Future 
Energy Supplies. Wash., D.C. p. 846). 
Primary (health related) standards-levels of air 
quality which the Environmental Protection 
Agency (EPA) judges are necessary, with ade-
quate margin to safely protect public health. 
Primary standards are to be met by July 1, 
1975 with a possible extension of no more 
than 2 years. 
Secondary (welfare related) standards-levels of 
air quality which the EPA judges are 
necessary to protect the public welfare from 
any known or anticipated adverse effects of a 
pollutant. Standards are to be met at a 
reasonable time approved by the EPA. 
Iowa meets standards for sulfur dioxide, as 
shown in Table 5-1, but not all parts of the state 
meet the standards for particulate material in the 
air. Some portions of central and eastern Iowa are 
meeting primary standards but have more 
particulate emission than secondary standards 
permit. Sulfur dioxide emissions from some Iowa 
power generating facilities are shown in Table 5-2. 
The emission standards expressed in pounds per 
million BTU of fuel are shown in Table 5-3. 
TABLE 5·2 
SULFUR DIOXIDE EMISSIONS FOR SELECTED IOWA POWER GENERATING FACILITIES 
Tons of %S 
S02Emissions 
Facility (Location) Coal (1972) (1972) Tons/yr. 
Iowa Power & Light, Des Moines 524,000 4.2 41,815 
Interstate Power, Clinton 574,756 3.06 33,416 
Iowa Southern Utilities, Burlington 546,500 2.6 26,997 
Iowa Electric (Prairie Creek), Cedar Rapids 497,400 2.53 23,910 
Iowa-Illinois, Davenport 500,000 2.0 19,019 
Iowa Southern Utilities, Bridgeport, Eddyville 199,500 3.7 14,025 
Clinton Corn Processing, Clinton 279,265 2.6 13,800 
Muscatine Municipal, Muscatine 239,800 3.0 13,669 
Iowa Electric, 6th St. Station, Cedar Rapids 260,300 2.3 11 ,375 
Iowa Electric, Marshalltown 199,000 2.8 10,587 
First Mississippi Corp., Fort Madison 9,127 
Interstate Power, Lansing 154,067 3.06 8,957 
Martin-Marietta Cement, Davenport 192,600 2.82 8,178 
Iowa Public Service, George Neal Station, Sioux City 688,980 0.54 7,068 
Interstate Power, Dubuque 121,333 3.06 7,054 
Iowa State University, Ames 95,293 3.44 6,228 
Iowa Power & Light, Council Bluffs 281,700 1.1 5,888 
Northwestern States Portland Cement, Mason City 88,932 2.6 5,834 
E. I. du Pont de Nemours & Co., Clinton 119,200 2.5 5,662 
Lehigh Portland Cement, Mason city 88,932 2.6 5,510 
Pella Municipal, Pella 58,594 4.8 5,344 
Penn Dixie Cement, West Des Moines 43,000 2.93 5,280 
Eastern Iowa, Montpelier 81,000 3.2 4,925 
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Table 5-2 (continued) 
Tons of %S 
S02 Emissions 
Facility (Location) Coal (1972) (1972) Tons/yr. 
Iowa Public Service, Waterloo 82,900 2.2 3,465 
Hubinger, Keokuk 62,622 2.75 3,272 
Ames Municipal, Ames 42,341 4.5 3,620 
Cedar Falls Utilities, Cedar Falls 44,813 3.4 2,895 
John Deere, Waterloo 50,300 3.0 2,867 
Marquette Cement Manufacturing Co., Des Moines 26,914 2.25 2,609 
U. S. Industrial Chemicals, Dubuque 2,314 
Rath Packing Company, Waterloo 35,900 3.0 2,267 
Corn Belt Power, Humboldt 52,037 2.2 2,175 
University of Northern Iowa, Cedar Falls 32,908 3.3 2,072 
Corn Belt Power, Spencer 53,326 1.92 2,945 
Central low a Power Coop., Creston 26,700 3.5 1,776 
Oscar Meyer, Davenport 32,000 2.7 1,642 
Iowa Electric, Boone 18,800 4.3 1,536 
University of Iowa, Iowa City 30,323 2.62 1,509 
Iowa Army Ammunition Plant, Burlington 28,980 2.6 1,432 
Armour & Company, Mason City 14,650 3.4 946 
Iowa Electric , Iowa Falls 16,720 2.3 731 
Grain Processing Corporation, Muscatine 13,834 2.63 691 
Iowa Public Service, Carroll 8,923 3.25 551 
Iowa Public Service, Storm Lake 8,804 3.25 544 
Midwest Carbide, Keokuk 450 
Webster City Power Plant, Webster City 6,000 3.91 446 
Kelsey Hays Company, Davenport 6,512 2.40 297 
Ralston Purina, Davenport 6,420 2.30 281 
Celotex Corporation, Dubuque 5,200 1.74 172 
Iowa Public Service, Eagle Grove 2,327 3.25 144 
(Source: Department of Environmental Quality. 1974. The Control of Sulfur Dioxide in the State of Iowa, A Status 
Report. State of Iowa. p. 12-15). · 
Pollutant 
Particulate matter 
Sulfur Dioxide 
Nitrogen Oxide 
TABLE 5-3 
EMISSION STANDARDS 
(In pounds per million BTU) 
Coal 
0.10 
1.20 
0.70 
Oil 
0.80 
0.30 
Gas 
(Source: United States Senate Hearings. 93rd Congress. 1973. The Present and Future 
Role of Coal in Future Energy Supplies. Washington, D.C. p. 848). 
There is strong evidence that the complete im-
plementation of the plans may not be attainable in 
the time prescribed. This is because of a lack of 
ability to clean the emissions of high sulfur fuels 
on a large scale. Naturally clean fuels are not like-
ly to be available in the quantities necessary to 
meet projected demand. A number of court actions 
have been initiated challenging the standards and 
time tables in light of current sulfur dioxide re-
moval and nitrogen oxide control technology. 
In Iowa, the EPA has suggested it would be 
agreeable to an extension of the 1975 emission 
standard if utilities would make a commitment to 
stack gas cleaning- a suggestion ignored by some 
utility companies because of the high maintenance 
and operating costs. This leaves four alternatives: 
1 l burning of oil or gas by utilities-though sup-
plies appear to be limited and /or utilities are not 
structured to burn these fuels, 2) burning of low 
sulfur coal, 3) burning of cleaned Iowa coal, and 4) 
blending of high and low sulfur coal to meet stan-
dards. Only about 209C of the coal burned in Iowa 
came from Iowa in 1973; the remainder came from 
Illinois and Wyoming. High sulfur Iowa coal can be 
mixed with low sulfur coal from other regions to 
meet environmental standards (9). 
There is, however, an important point to re-
member when considering the blending of low and 
high sulfur coals to conform to Federal standards 
for sulfur dioxide. The total amount of sulfur diox-
ide emitted at the smoke stack of a power plant 
will be determined by the percentage of sulfur in 
the coal and the amount of coal burned. The 
amount of coal burned by a power plant will be de-
termined by the BTU value of the coal. The lower 
the BTU value of the coal, the greater the amount 
of coal required to meet a specific power demand. 
Wyoming coal has a lower sulfur content than Iowa 
coal, but Iowa coal has a higher BTU content than 
Wyoming coal. More Wyoming coal than Iowa coal 
is required to produce one million BTU of heat. 
Thus, in terms of total sulfur dioxide emission per 
one million BTU of heat produced, the sulfur rating 
of Wyoming coal should be increased and the sulfur 
rating of Iowa coal should be decreased (73). 
The mining and burning of Iowa coal is not 
without problems. Proper planning, however, can 
make strip mining a short time land use, with the 
land soon restored to its former efficiency and 
beauty. The application of coal cleaning techniques 
(as discussed in Chapter IV) may make Iowa coal 
much more useful than it has been in the recent 
past. 
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CHAPTER VI 
ECONOMIC AND SOCIAL 
CONSIDERATIONS 
Many questions concerning whether Iowa coal 
can be profitably mined remain to be answered. 
One of the goals of the Iowa Coal Research Project 
is to gather data concerning the many economic 
factors associated with Iowa coal-amount and 
location of Iowa coal, strip mining techniques, re-
habilitation of land, processing of coal, and use of 
Iowa coal. Strip mines are now operating at a profit 
in Iowa, but the question is, "Can such mines con-
tinue to be profitably operated with the added costs 
of land rehabilitation and cleaning of the coal so 
that it can be burned in conformance with Federal 
standards?" Another important question is, ''Can 
the relatively small Iowa strip mines favorably 
compete with large, out-of-state strip mines?" The 
large amount of Iowa coal, its high BTU values, 
low in-state transportation costs and a potentially 
higher in-state market are all encouraging factors. 
A final conclusion, however, is not possible until all 
the cost factors are determined. If mining proves 
economical, it is not felt that a large out-of-state 
labor force will be brought into Iowa. Local labor 
will be utilized in most cases, possibly alleviating, 
at least partially, high unemployment in some 
Southern Iowa counties. 
CAN IOWA COAL BE MINED 
ECONOMICALLY? 
At present the topic of whether Iowa coal can 
mined economically is being studied. Some of the 
factors being studied are: transportation, beneficia-
tion (cleaning), cost of mining, reclamation, com-
petition with out-of-state coal and the low~'s . de-
pendability as a coal source. The present hmt~d 
nature of Iowa mining industry makes the analysts 
of these elements difficult. Some components of the 
problem, such as reclamation, cannot tx: answe~ed 
until more data are collected and expenmentatwn 
has been conducted. Reclamation costs, for exam-
ple, are difficult to estimate because data are not 
available for Iowa mines and data from other 
states are based on conditions that differ greatly 
from those found in Iowa. Coal thickness, amount 
of overburden, equipment utilization and acid 
potential all vary widely. Cost of reclamation will 
probably vary between $200 and $2000 per acre, 
but finer calculations will come after more in-state 
work has been completed (74). T. E. Hazen, Assis-
tant Director of Agricultural Research Administra-
tion at Iowa State University, estimates that 
reclamation costs in Iowa will be roughly $850 per 
acre (75). 
As part of the ongoing research project at Iowa 
State University, a strip mine site about 10 miles 
east of the town of Bussey in Mahaska County has 
been chosen. The leased area consists of 40 acres 
with two mineable coal seams under 20 acres of the 
area (Figure 6-U. A private operator will mine the 
coal and reclaim the area, under University 
supervision. Part of the mined coal will be 
transported to Ames, where, after being cleaned 
(sulfur and potential ash removal) in a pilot 
beneficiation plant, it will be used in the Universi-
ty steam generating units. Part of the mined coal 
will be sold on the open market. Refuse from the 
beneficiation plant will be returned to the mine 
site for burial. This closely controlled operation, 
from mining to reclamation, will provide invalua-
ble information in aspects of mining, reclamation 
and beneficiation as applied to Iowa coal. This pro-
ject will be interesting to follow as it will have a 
major influence on future mining in Iowa. The 
economics of coal mining and coal processing will 
also be monitored during the entire project. 
Coal mining may be made more profitable if 
other attractive mineral deposits can be mined 
along with coal in a single operation. These de-
posits, principally clays and shales associated with 
the coal seams, may have potential in ceramic pro-
cesses. Common clay is already mined in Iowa-
nearly two million dollars worth in 1970-and is 
used for brick, drain tile, sewer pipe and masonry 
mortar (76). Higher grade clays have long been 
mined in Illinois and Missouri, and more recently 
have been found in Minnesota. Proper exploration 
may find deposits in Iowa. Research is currently 
underway at Iowa State University to find these 
deposits. Dr. R. Cody is analyzing drill core samples 
from Southern Iowa to determine the character of 
these possible high grade clay deposits (77) Sulfur 
recovery from coal may also be an economic incen-
tive. 
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Figure 6-1 . Scott Mining Site (a} Map showing property terraces 
and tile lines. (b}Cross section of property terraces. (Source: 
Scott Min ing Site 1975 EXPLORATORY STUDY FOR MINING 
POTENTIAL. Unpubli shed paper for EMRRI. Iowa State Un iversi -
ty, Ames. Iowa.} 
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NOTE : Each Terrace is 120' wide 
with I 0' risers of 22° slope 
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HOW MUCH DOES COAL COST? 
Tables 6-1 and 6-2 show costs for in-state as 
well as out of state coal as delivered to Ames, Iowa. 
Iowa coals listed in Table 6-2 are not cleaned. It ap-
pears that transportation costs may determine if 
Iowa coal is to be used to a greater extent in the 
future. Cost of transporting in-state coal is in 
general less than half of competing out-of-state 
coal. 
In May of 1975, further communication with 
Ames Municipal Electric System (78J produced the 
figures shown in Table 6-2. Since the prices quoted 
are under sealed bid, location of the mines cannot 
be given. 
TABLE 6-1 
COMPARISON OF COAL COSTS, JANUARY, 1975 
Average 
Heating 
Value 
Source BTU/pound 
Wyoming, 9,300 
Kansas 2 
Utah 3 
lowa 4 
Iowa 
12,000 
11,750 
9 ,300 
Sulfur 
Content 
o;o 
about 0.5 
4 
about 0.7 
4 to 6 
Cost per 
ton* Transpor-
at Mine tatlon Total 
$ 8.30 $12.28 $20.58 
16.30 7.81 24.11 
12.90 13.97 26.87 
10.40 5.00 15.40 
5.00 20.00 
Cost per 
1 million 
BTU 
$1.11 
1.00 
1 .14 
0.83 
0.91 (Refined)5 11 ,0005 less than 35 15.006 
~----~----~------------------ ---------------------------
1 Big Horn Mine: Sheridan Wyoming 
2 Garland Mine: Garland, Kansas 
l Plateau Mine: Price Utah(asof April2, 1974) 
1 Mich Mine: Eddyville, Iowa 
,; Target Characteristics and costs for cleaned Iowa coal 
,; Inc! udes coal cleaning and land restoration costs 
''' Railroads have allowed up to $4.00/ ton reductions in transportation costs for units 
train shipments from Wyoming. 
TABLE 6-2 
COAL COSTS, MAY, 1975 
Average 
Heating o;o Cost 
Value Sulfur per ton 
Source BUT/pound Content at Mine Transportation Total 
Iowa 
Mine 1 9,500 306 $12.15 $5.00 by truck $17.15 
Mine2 9.400 3.09 $15.56 $4.45 by rai I 20.11 
Wyoming 9,300 0.61 8.50 12.28 by rail' 21.78 
Colorado 10,760 0.4 14.30 13.95 by rail 28.25 
Montana not not 6.10 13.57 by rail 19.67 
available available 
•> in 15 car unit trains 
(Source: Ames Municipal Electric System. 1975. Personal Communication. Ames, Iowa) 
Social Impact of Possible Increased Min-
ing Operations in Iowa 
In the past few years the mmmg of coal na-
tionwide has been on the upswing. Coal is now in 
greater demand and is playing a larger role in 
eneq:.,ry production. Coal is so valuable that "coal 
pirates" have been at work in Kentucky. Although 
illegaL people with picks and shovels work old 
abandoned coal mines for a few tons of coal, load 
the coal into a pickup truck and make as much as 
$90 a day I 79 ). It is doubtful that Iowa will have 
this type of problem, but what effects could in-
creased mining in Iowa have? 
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will be felt, however, if mining is increased. The 
magnitude of this stress on local communities in 
Iowa is difficult to gauge at the present time. More 
research is needed in this area so that possible pro-
blems can be anticipated and strategies planned. 
WILL INCREASED MINING BRING IN A 
LARGE OUT -OF-STATE LABOR FORCE? 
Over the past ten years (1962-1972) a little less 
than one million tons of coal per year have been 
mined in Iowa; to increase this production to two or 
three million tons per year would open approx-
TABLE 6-3 
UNEMPLOYMENT IN SOUTHERN IOWA 
Counties January, 1975 
Wapello 10.4 
Davis 7.2 
Appanoose 10.3 
Mahaska 5.8 
:'vl.onroe 6.5 
.Jefferson 3.8 
Marion 4.0 
I Source: Ton Crowley. 1975. Employment Opportunities-
Southern Iowa Coal Mining Industry. UYA-Coal Project 
Iowa Stat€ Univ .. Ames. Iowa l. 
Increased mining in other states has been both 
beneficial and detrimental. Aside from the environ-
mental problems at the mine, which have already 
been discussed, social and economic factors also 
have high local impact on occasion. A large influx 
of miners and their families stress local community 
fabric. putting demands on housing, schools and 
public utilities such as water and waste treatment. 
Increased monies flowing into small economies 
create a boom town atmosphere, with many op-
portunities for new businesses and enhanced 
volume for old ones. After a few years, when the 
community has geared up to meet its inflated ob-
ligations. the minerals become depleted and the 
miner:,; move on to another area. This situation 
may be more difficult for the community to cope 
with than the original influx 133L 
Iowa coal has been mined at small sites 135 to 
-W acres l up to now. Small mines of this nature 
have a tendency to distribute their employees and 
business opportunities over a wider area than if 
coal is mined in one or two large sites. Some impact 
imately 200-400 new mining jobs in southern Iowa. 
Trained personnel may not be available for these 
mining positions; however, present mine owners in 
Southern Iowa who plan to expand nco. Mich .. and 
Big Ben coal mines) along with larger out-of-state 
mining companies. who may mine Iowa coal. have 
indicated they would train local workers to fill 
most needed positions ( 8 0 ), 
To say that Iowa's unemployment figures were 
5.10( in January, 1975, one of the lowest in the na-
tion, is slightly misleading. Unemployment in 
southern Iowa in some counties was over 10Cr for 
January, 1975. 
Comparing the employment demands with the 
available labor force leads to the conclusion that 
southern Iowa would have little difficulty absorb-
ing such a demand. High unemployment in the re-
gion has created an available labor force which Is 
in need of additional job opportunities ( 8 0 ) . 
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CHAPTER VII 
SUMMARY 
Energy is becoming more expensive each year 
that the world continues to rely on crude oil and 
petroleum products. Nations now realize that de-
pendence upon only one source of energy is not 
sound economic policy. On a global scale there are 
not many energy sources from which to choose; as 
oil becomes more scarce a transition will be made 
toward a more diverse power base. Nuclear power, 
coupled with possibly solar power, could take the 
place of petroleum before the turn of the century. 
But what will replace crude oil and natural gas in 
the next ten years? In this manual we have dis-
cussed coal as an alternative energy source. Since 
technology for the mining and burning of coal 
already exists, coal may play a critical role during 
the coming transition period. 
Iowa coal originated millions of years ago from 
the remains of plants that flourished during the 
Pennsylvanian Period. The changing environmen-
tal conditions present at that time caused Iowa 
swamps, and hence Iowa coal, to be possibly less 
continuous than in some other coal-bearing re-
gions. requiring more detailed exploration. Ex-
ploration programs are now underway to locate 
coal and to help predict where further deposits may 
be found. 
Coal's increasing worth may spur a new era of 
mining in Iowa. Mining has been on the decline un-
til recently, though Iowa coal has been mined for 
well over a century. New mines, if started, will 
most likely be strip mines because of economic con-
siderations but deep mines may ultimately be the 
source of most Iowa coal. Strip mines in the past 
have denuded some areas in Iowa of vegetation and 
reduced their worth. New legislation has now put 
that period behind us; even the old ravaged areas 
will be reclaimed. Iowa law now makes coal mining 
a short term land use; after mining is completed 
the land will be restored and revegetated. 
Most Iowa coal will not meet environmental 
standards for burning, as it comes from the mine. 
Research is needed to develop new ways and im-
prove upon old methods of cleaning coal, so that it 
may be burned safely. The Iowa Coal Project is now 
building a pilot preparation (cleaning) plant at 
Iowa State University to remove pollutants from 
the coal. The preparation plant is part of the re-
search program which is studying all facets of Iowa 
coal from mining and reclamation to cleaning and 
burning. Results of the Iowa Coal Project will de-
termine the feasibility of increased in-state mining 
and the possible effects of that mining on local 
community structures. This ambitious research 
program may help the Iowa coal industry to be via-
ble once again, and supply Iowa with much of the 
energy it will need in future years. 
55 
APPENDIX A 
STRATI GRAPHIC COLUMN O F IOWA 
SYSTEM SERIES GROU P FORMAT ION 
Wiscons i n 
Illino i an 
Q UATE RNARY Ple istoc e n e Kan san 
Nebraska n 
Carlile 
C o lo rado Greenho rn 
CRETACEO US Graneros 
Dakota 
.JURASSIC Fort D odge beds 
French C reek 
J im C r eek 
Frie d r ic h 
Grandh3.ren 
Dry 
Dover 
Langdon i n cludes 
(Nyman C oal) 
M aple H ill 
Wame g" 
Tar k io 
W illard 
E l mon t 
Harveyvi l le 
Reading 
Wabaun s ee 
,6.uburn 
Wakarus a 
Soldier C r eek 
B u r lingame 
S ilver Lake 
Vir g il R ulo 
Cedar Val e 
( includes Elmo 
bed 3.t top) 
Happy H o llow 
Whit e C l o u d 
Howard 
Severy (in c l udes 
N odaway coal 
bed a t base ) 
Topeka 
Calhoun 
Deer Creek 
Shaw n ee T e cumse h 
Lecompton 
Kanwa k a 
PENNS YLVANIAN 
Ore ad 
L awrence 
Dougl as S tran ger Ia tan 
Weston 
Stanton 
L ansing V ilas 
Plat tsburg 
Bonner S prings 
Wyandotte 
L an e 
l o l a 
C ha nute 
M issou r i Kan sas C i ty Dru m 
Q uivi r a 
D E SCRIPT ION THICKNESS 
l oess, g lacial t ill 
and i n terbedded 500' 
sand and gravel 
s ha le 
l imestone and shale 350' 
shale 
sandstone and shal e 200' 
gypsu m, red and 
g reen shales in Web- 50' 
s ter County only 
s h a l e 
l i mestone 
sha le 
limes tone 
shale 
limestone 
shale 
limestone 
s h a le 
limestone 
shal e 
limestone 
shale 
lime s tone 
sh3.le 2 1 0
1 
li m estone 
sha le 
limestone 
shal e 
limestone 
s h a le 
limestone 
shale 
limestone 
s h a l e 
limestone 
s hal e 
limestone 
shale 180' 
limestone 
s h3.le 
limestone 
sha l e 
s h 3.l e 
limestone 1 10' 
sha l e 
lim estone 
shal e 5 0' 
limestone 
sha le 
l imeston e and shal e 
shale 
limest on e and shale 
s h a le 
limestone 215' 
s h a l e 
(Mi llion 
Year s) 
1 
90 
1 81 
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I 
Westerville limestone 
Cherryvale shale 
PENNSYLVANIAN Missouri Kansas City Dennis limestone and shale 
Galesbu r g shale 
Swope limestone 
Ladore shale 
Hertha limestone 
Pleasanton undifferentiated shale and sandstone, 40 1 tnin coal beds 
Lenapah limestone 
Nowata shale 
Altamont limestone and shale 
Marmaton Bandera shale 145' 
Des Moines Pawnee limestone and shale Labette shale 
Fort Scott limestone 
shale, sandstone, 
Cherokee undifferentiated thin limestone and 755 1 
coal 310 
Ste . Genevieve shal e and 1 imestone 
Meramec St. Louis sandy limestone 140' 
Spergen limestone 
Warsaw shale and dolomite 
Keokuk 
cherty dolomite and 
Osage limestone 250' 
Burlington cherty dolomite and 
MISSISSIPPIAN limestone 
Gilmore City limestone, oolitic 
limestone and 300' Hampton 
dolomite Kinderhook 
Starrs Cave l imestone 
North Hill Prospect Hill siltstone 100' 
McCraney limestone 345 
English River siltstone 
Maple Mill shale 
Yellow Spring Aplington dolomite 300' 
Upper Sheffield shale 
Lime Creek dolomite and shale 
Shell Rock 1 imestone and 225
1 
do lomite 
DEVONIAN limestone and Cedar Valley dolomite 
Middle limestone and 270' 
Wapsipinicon dolomites, shales 
in middle 
La Porte City chert, limestone Lower and dolomite 50-100' 400 
Niaga,..an Gower 
Hopkinton dolomite 300' 
SILURIAN Kankakee cherty dolomite 
Alexandrian Edgewood sandy dolomite 100' 425 
Ci.ncinnp.tian Maquoketa dolomite and shale 300' 
Galena dolomite and chery 320' 
Mohawk ian Decorah limestone and shale 
Platteville limestone, shale and 
sandstone 70' ORDOVICIAN 
Chazy an St. Peter sandstone 50-230' 
sandy a nd cherty 
Beekmantown Prairie du Chien dolomite and 290' 
sandstone 500 
Madisona 
Jordan sandstone 
Trempealeau Lodi" 185' 
St. Lawrence dolomite 
CAMBRIAN St. Croixan Franconia 
glauconitic sandstone, 
160' 
r-----------------1- sil~t~'::.!._ sh~-__ ----Galesville sandstone 
Eau Claire sandstone and shale, 550' Dresbach dolomite 
Mt. Simon sandstone 600? 
sediments (sand-
PRECAMBRIAN stones), igneous and 
metamorphic rocks 
arecognized only in extreme northeast Io....va 
Iowa Geological Survey, 1968 
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APPENDIX B 
EMRRI COAL 
RESEARCH PROGRAM 
The following are brief descriptions of approved 
projects: 
l. COAL PRO.JECT ADMINISTRATION AND 
PLANNING (D. J . Zaffarano & R. W. Shearerl. 
Manage the Coal Division of the Energy and 
Mineral Resources Research Institute (EMRRI) 
2. MECHANICAL BENEFICATION OF IOWA 
COAL m. W. Fisher) 
Investigate physical methods including 
crushing, washing, and separation processes to 
reduce the sulfur and ash in Iowa coal. This 
particular portion of the project will concern 
bench scale studies and design of a demonstra-
tion plant, but it is expected that the project will 
be continued through the demonstration plant 
operation. 
3. ECOLOGICAL STUDIES FOR COAL 
PROJECT m. C. Glenn-Lewinl 
General survey of ecological conditions of coal 
bearing areas of Iowa, development of guidelines 
for environmental impact statements and 
preparation of laboratory facilities for specific 
site studies. 
4. LOCATION OF COAL BY REMOTE SENSING 
<B. K. Lunde) 
Project definition study to establish, by 
literature search, consultation, and analysis, 
which remote sensing methods would best merit 
detailed experimental investigation for ap-
plicability to Iowa coal location, and to recom-
mend sites suitable for testing them. 
5. PREPARATION OF ASH-FREE LOW SULFUR 
FUEL FROM lOW A COAL (P. Chiotti & F. A. 
Schmidt) 
Undertake bench-scale investigations of the de-
sulfurization of flue gas by fused salts and of the 
desulfurization of coal by hydrochlorination, 
chlorination and related processes. 
6. PETROGRAPHY OF lOW A COALS 
<D. L. Biggsl 
Describe. sample, determine sample constituents 
petrographically and compare samples for each 
of the ten operating Iowa coal mines. 
7. UNIVERSITY YEAR FOR ACTION (UYAl-
TUITION SUPPORT (Roy Park) 
Tuition support for UYA students. 
8. THE FEASIBILITY OF DEVELOPING A 
PORTABLE SURFACE-LOCATED 
INSTRUMENT TO PROBE FOR COAL 
DEPOSITS BY MEANS OF ELECTRO-
MAGNETIC OR ACOUSTIC WAVES 
(R. E. Post) 
This project aims at determining the feasibility 
of using surface-located electromagnetic or 
acoustic probing techniques to sense the 
presence of coal deposits located within 100 feet 
of the earth's surface, based on properties of 
waves reflected from the deposits. Initial studies 
will be based on computer simulations. 
9. ANALYTICAL CHARACTERIZATION 
OF COAL <V. A. Fasse]) 
Provide routine analytical support for coal re-
search projects including proximate and ul-
timate analyses and sulfur and trace elements 
monitoring of the effectiveness of chemical and 
mechanical processes for coal beneficiation. 
10. PULSED NMR STUDIES OF THE 
CHEMICAL CONSTITUTION OF COAL 
<B. C. Gerstein) 
Establish a method for differentiating carbon 
and hydrogen in coal between aromatic and 
non-aromatic fractions in the solid state. 
11. CHEMICAL PROCESSES FOR 
DESULFURIZATION OF IOWA COAL 
IT. D. Wheelock & A. H. Pulsifer) 
Screen existing methods (including, but not 
limited to, oxidation and hydrodesulfurization l 
for reducing sulfur content in coal, and to de-
velop at least one industrial process technically 
and economically feasible for reducing sulfur 
content. 
12. DETERMINATION OF THE SIZE, SHAPE, 
EXTENT, CONTINUITY OF COAL 
DEPOSITS IN THE VICINITY OF MADRID, 
IOWA (John Lemishl 
Determination of size, shape, extent, and con-
tinuity of coal deposits in the vicinity of 
Madrid. Iowa, through analysis of approximate-
ly 500 existing drill hole logs, and develop 
statistical models based on these determina-
tions to permit more efficient future survey de-
signs. 
13. SEARCHING, PROSPECTING AND IN SITU 
ANALYSIS RELATED TO IOWA COAL 
DEPOSITS m. M. Roberts & R. G. Struss) 
Investigation of advanced methods of detecting 
and mapping Iowa coal deposits. The initial 
phase ( 3 months l of this project will be limited 
to literature search, visitations, and consulta-
tions relative to possibly more efficient and 
economical methods of drilling test holes and 
logging them. 
14. MICROSTRUCTURAL CHARACTER-
IZATION OF IOWA COAL m. T. Greer) 
Characterize the occurrence of pyrites, as to 
size, morphology and distribution in Iowa coal 
and further characterize the ultrafine struc-
ture of coal constituents. Recommendations for 
methods of seam identification are also sought. 
15. UNIVERSITY YEAR FOR ACTION (UYA)---..:. 
EXPENSE SUPPORT (Roy Park) 
Support work performed by ACTION-UYA stu-
dents in conjunction with the Iowa Coal Pro-
ject. 
16. FIELD DEMONSTRATION PROJECT 
COORDINATION (Lyle V. A Sendlein) 
Demonstration projects to be conducted in the 
field represent an important aspect of the Coal 
Project mission. The field project(s) will in-
vestigate many aspects of the surface mining 
and processing of Iowa coal 1n representative 
settings. 
17. COAL MINING RECLAMATION-
AGRONOMY (T. E. Hazen & W. H. Scholtes) 
Determine the physical, chemical and 
biological properties of representative strati-
graphic materials found over Iowa coal relative 
to water quality and plant growth. Determine 
the stratification of the reclaimed overburden 
required to achieve a specified land use and 
conduct field tests of such reclaimed land to de-
termine crop production and related effects. 
1K. INTEGRATION OF MINING AND LAND 
RECLAMATION OPERATIONS FOR 
RETURNING LAND TO ECONOMIC 
PRODUCTIVITY (T. E. Hazen & C. E. An-
derson) 
For purchase of equipment incident to the Coal 
proposal entitled "Integration of Mining and 
Land Reclamation Operations for Returning 
Land to Economic Productivity." 
19. COAL MINING-AGRICULTURAL 
ENGINEERING tT. E. Hazen & 
C. E. Anderson) 
Develop an economic mining procedure to 
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achieve desired land-use including considera-
~ions of minimizing materials handling, over-
burden replacement methods and equipment, 
and minimizing lost time of land-use. 
20. LEGAL AND SYSTEMS ANALYSES: 
ECONOMIC ANALYSIS (N. Harl, M. Boehlje, 
& G. Rausser) 
Legal and systems analyses of mining and 
ret:lamation operation; overall economic 
analysis. 
21. INVESTIGATION OF THE MINERALOGY 
AND CHEMISTRY OF PENNSYLVANIAN 
AGE CLAYS AND SHALES IN SOUTHERN 
IOWA (Robert D. Cody) 
Assess mineralogy, chemical composition, and 
potential in ceramic processes of clay and shale 
deposits associated with coal seams in southern 
Iowa and see if such deposits offer economically 
attractive byproducts of coal mining. 
22. PERSPECTIVES ON lOW A COAL 
(Frederick P. DeLuca) 
Prepare a brochure suitable for communication 
to an educated lay public information relative 
to Iowa coal including discussion of Iowa's 
energy source requirements, characteristics of 
Iowa coal, coal mining techniques and socio-
economic considerations. 
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